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ABSTRACT 
Because congregation of cattle near surface waters may result in sediment, nutrient, and 
pathogen loading of water resources, management practices to alter distribution or limit 
grazing may enhance water quality of a stream within a grazed pasture.  Objectives of this 
study were to relate pasture physical characteristics, shade distribution, and tall fescue 
prevalence in cool-season grass pastures to the temporal\spatial distribution of grazing cattle; 
and to quantify stocking rate effects on forage sward height, proportions of bare and manure-
covered ground, and bank erosion adjacent to streams.  During a 3-year period, an on-farm 
research study was conducted in the Lake Rathbun watershed located in southern Iowa to 
evaluate factors that may affect nonpoint source (NPS) pollution occurring from grazed 
Midwestern pastures.  In one study, Global Positioning System (GPS) collars recorded 
location of 2 to 3 cows per pasture at 10 min intervals for 5 to 14 d in the spring, summer, 
and fall of each year on five producer farms.  For determination of temporal\spatial 
distribution of the cattle, position coordinates of each GPS measurement were located on 
aerial maps using ArcGIS 9.2 software (ESRI, Redlands, CA) and categorized as being 
located in the Water Source (directly within stream and/or ponds), Waterside Zone (within 
30.5 m of a Water Source), or Upland Zone (greater than 30.5 m from a Water Source).  In a 
second study, thirteen producer farms that ranged from 2 to 107 ha with stream reaches of 
306 to 1778 m that drained watersheds of 253 to 5660 ha were also utilized to quantify 
stocking rate effects on proportions of bare and manure-covered ground, forage sward height, 
botanical composition, and stream bank erosion within 15.2 m of a stream in riparian areas of 
grazed pastures. Stream bank erosion was measured by fiberglass pins (1.6 x 76.2 cm) at 1 m 
intervals from the streambed to the top of the bank at 10 equidistant transect locations on 
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each side to measure bank erosion during winter/early spring, late spring/early summer, and 
late summer/fall grazing seasons on each of the thirteen pastures.  Proportions of GPS cow 
observations within the Waterside Zone increased with decreasing pasture area (r
2
 = 0.61) 
and with increasing proportions of total area (r
2
 = 0.62) and shade (r
2
 = 0.42) within the 
Waterside Zone in similar-sized pastures.  Management that increases stocking rates per unit 
of stream length was found to increase manure-covered ground and decrease forage sward 
height, but not affect proportions of bare ground or stream bank erosion rates adjacent to 
pasture streams.  The proportion of bare ground and stream bank erosion that occurred was 
likely a result of stream hydrology and overland flow factors from above-normal 
precipitation during the study, as well as naturally occurring freeze/thaw cycles.  Results 
infer management practices to minimize the NPS pollution of pasture streams will be most 
effective on small or narrow pastures or both rather than in large, wide pastures and altering 
cattle distribution will influence factors continually transporting nutrients from grazed 
pastures.
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CHAPTER 1. GENERAL INTRODUCTION 
THESIS ORGANIZATION 
This thesis is organized as an introduction to the current and existing research and related 
literature followed by a brief description of the hypothesis for developing this research and 
its objectives.  Manuscripts for submission to Rangeland Ecology and Management follow 
the introduction of research and literature review.  Following the manuscripts are a general 
conclusion section, and appendices of additional research information and collected data. 
INTRODUCTION 
 Sediment, phosphorus, and bacterial loading of surface water resources are major 
nonpoint source water quality problems within the Midwest, especially Iowa.  Because large 
portions of land are utilized as pastures, grazing livestock have been implicated as a source of 
water contamination of sediment and manure deposition in or near surface waters (Downing 
et al., 2002; Line et al., 2003).  Many of these problems may be a result of poor management 
or pasture physical conditions that allow cattle congregation near surface waters.  
 It was hypothesized at the initiation of the research project that cattle would have 
marginal impacts within the Lake Rathbun watershed influencing water quality.  However, 
research in western rangelands and southern pastures demonstrate that cattle impacts are 
further minimized by altering cattle distribution or reducing the time cattle congregate in or 
near surface waters and water quality is enhanced.  Therefore, defining appropriate 
management strategies that alter cattle distribution or control the timing, frequency, duration 
and intensity of grazing in riparian zones of pastures will enhance water quality of 
Midwestern pastures by maintaining vegetation, minimizing hoof traffic on stream banks, 
and reducing manure deposition in and near surface waters that reduce water quality 
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impairments.  Results of this project will serve as a basis for implementation of improve 
grazing management strategies that improve water quality on a watershed scale and 
encourage producers to implement such practices. 
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CHAPTER 2. LITERATURE REVIEW 
SOURCES OF NONPOINT SOURCE (NPS) WATER POLLUTION 
Because of the public‟s growing concern of water pollution, the U.S. government 
enacted the Federal Water Pollution Control Act (FWPCA) of 1948, with amendments in 
1972.  Combined with the Clean Water Act of 1977 and Water Quality Act of 1987, which 
both amended and reauthorized the FWPCA, this legislation provided protection of the 
nation‟s surface waters.  Collectively, these pieces of legislation are referred to as the Clean 
Water Act and is the living documentation intended to restore and maintain the chemical, 
physical, and biological integrity of all United States surface waters, rivers, lakes, estuaries, 
coastal waters, and wetlands (NRC, 2004). 
Under Section 303(d) of the Clean Water Act of 1972, all water bodies are to be 
monitored and assessed by the state every two years for possible water contamination with 
defined pollutants and sources.  If impaired, each water body must have a total maximum 
daily load (TMDL) protocol established to maintain higher water quality standards and 
allocate responsibility for sources by reducing pollutants released (Santhi et al., 2001; NRC, 
2004).  A majority of water contamination originates from nonpoint sources, such as land 
runoff, precipitation, atmospheric deposition, drainage, seepage or hydrologic modification. 
Nonpoint source pollution is recognized as the single greatest threat to surface and 
subsurface drinking water resources (Loague et al., 1998).  As cited by the Environmental 
Protection Agency (EPA, 2010), “NPS is caused by rainfall or snowmelt moving over and 
through the ground. As the runoff moves, it picks up and carries away natural and human-
made pollutants, finally depositing them into lakes, rivers, wetlands, coastal waters and 
ground waters.”  Nonpoint source pollution is different than point source pollution as 
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contamination originates from a large area of land that makes contact with running water that 
cannot be determined from a single point.  In contrast, point source pollution can be traced 
back to a specific location, such as an industrial facility, wastewater treatment plant, feedlot, 
etc. (Santhi et al., 2001; Iowa Department of Natural Resources (IDNR), 2010). 
Watersheds drain into a single body of water such as a stream or lake.  Pollution 
within these water bodies is dependent on land use and cover (Harmel et al., 2006) and 
occurs when runoff from precipitation such as rainfall, snowmelt, or irrigation water flows 
over an area of land or through the ground to collect, flush, and deposit pollutants in the 
downstream site of the collection area.  Consequently, surface or ground water runoff from 
contaminated areas of land within the watershed may impair water quality of streams, ponds, 
lakes, or even groundwater (IDNR, 2010). Therefore, water may serve as the vehicle in the 
transmission of infectious agents, microbial flora, or excess nutrients during rainfall events 
and everyday urban use (Lightfoot, 2004).   
Sediment 
Rill/interrill erosion 
Sediment loading of streams is a major nonpoint source pollutant from agricultural 
watersheds (Zaimes, 1999).  Interrill or rill erosion begins by the impact energy of raindrops, 
or splash action that detaches soil particles from land surfaces (Young and Wiersma, 1973; 
Morgan, 1978; Kinnell, 2005).  Rainfall droplets can range from 0.2 to 100,000 micrograms, 
but regardless of weight, each droplet reached terminal velocity prior to contact with the soil 
surface (Gunn and Kinzer, 1949).  Under forested conditions, raindrops combined into larger 
droplets from collection on nearby leaves and exerted kinetic energy 1.5 times greater than 
rainfall experienced in the open (Mosely, 1982).  The greater force resulted from increased 
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droplet mass, but regardless, created a splash action 3.1 times greater under canopy than in 
the open on the soil surface (Mosely, 1982).  The increased height of the canopy may be 
responsible for increased kinetic energy of rainfall from the leaf drip points (Finney, 1984).  
The impact of raindrops on the soil surface causes soil particles to slake or become detached 
(Farres, 1980; Kinnell, 2005) and then is removed by overland flow (Morgan, 1978).  In 
addition, depending on soil conditions, raindrops may cause a crust to form on the soil 
surface (Tarchitzky et al., 1984). Additional raindrop-impact-induced erosion processes have 
been reviewed by Kinnell (2005).   
Particles from interrills are transported by overland flow and runoff to collect and 
form rills (NRCS, 2010). Radionuclides 
7
Be, 
137
Cs, and 
210
Pb with distinct sediment 
signatures throughout the soil column were used to determine rates of rill and interrill erosion 
that occurred during a thunderstorm event.   Sediment signatures determined interrill and rill 
erosion occurred on 37 and 0.38% of the basin to a depth of 0.012 and 35 mm, respectively.  
In this experiment, rill erosion produced 29 times more sediment than interrill erosion 
(Whiting et al., 2001).  Therefore, rills and interrills act as the dominant source of sediment 
and water transport from hill slopes to riparian areas (Nearing et al., 1997). 
Problems associated with raindrop impact on the soil surface and surface runoff may 
be reduced or negated by vegetative surface cover (Finney, 1984; Armstrong and Mitchell, 
1988; Persyn et al., 2004).  Forage vegetation prevents raindrops from reaching the soil 
surface (Finney, 1984; Kinnell, 2005), increases water infiltration into soil (Puigdefábregas, 
2005; Dabney, 2008), and decreases the volume and velocity of surface runoff (Muñoz-
Carpena et al., 1993; Clary and Leininger, 2000).  Due to surface residue accumulation, soil 
structural stability, and soil organic carbon, vegetated sites have greater water storage 
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capacity during precipitation and runoff events (Franzluebbers, 2002; Puigdefábregas, 2005).  
Vegetation acts to increase surface retention and reduce the development of areas of 
concentrated flow (Dabney, 2008).  In dense vegetation, plant stems exerted a resistance 
force that reduced surface water flow by greater than 90% (Prosser et al., 1995).  Vegetated 
sites increase soil aggregation and lower the soil matric potential (Dabney, 2008). Without 
vegetative cover, in a laboratory simulated rainfall study of three soils, transport of 80-85% 
of detached soil particles occurred from bare soil and resulted in rill flow (Young and 
Wiersma, 1973). Water runoff increased by 23%, greater than 150 mm with moderate peak 
flow levels in streams the year following complete removal of hardwood forests and 
disruption of the soil surface in Canada.  These results were not negated until 4 to 6 years 
later, as surface vegetation was reestablished (Martin et al., 2000). 
Factors influencing rill and interrill erosion are land management practices 
influencing the percentage of vegetative land cover that leave the soil exposed and at risk to 
increased overland flow, runoff, and erosion (Wilson et al., 1993; Prosser and Williams, 
1998; Persyn et al., 2004; Butler et al., 2006); hydrological effects of rainfall patterns and 
intensity (Pickup and Warner, 1976; Ascough II et al., 1997; Huang et al., 2002); and soil 
property conditions (Luk, 1979; Huang et al., 2002).  The proportion of vegetative cover is 
the most important factor to determine soil erosion and nutrient losses in fields used for 
pastures and row crops (Elwell and Stocking, 1976; Elliott et al., 2002; Harmel et al., 2006) 
along with rangeland conditions (Hoffman and Ries, 1991).  Rainfall simulations conducted 
on Midwestern pastures determined greater amounts of surface runoff and higher total solid 
losses occurred on grazed sites without vegetative cover compared to sites with adequate 
vegetative cover (Haan et al., 2006; Webber et al., 2010).  By maintaining moderate 
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vegetative cover, soil sediment detected in the runoff decreased, which was the result of less 
soil detachment (Hoffman and Ries, 1991; Taddese et al., 2002; Persyn et al., 2004) as 
substantial sediment loads (>215 kg ha
-1
) are deposited from bare soil in riparian areas 
directly into surface waters (Butler et al., 2006).  
However, rainfall does not preclude other impacts of physio-chemical mechanisms on 
soil conditions (Farres, 1980), as the primary objective of grazing livestock management is to 
limit detrimental impact to the pasture vegetation, which helps maintain more desirable soil 
physical properties (Greenwood and McKenzie, 2001). Treading on soils by cattle and sheep 
resulted in net disturbance of soils, with greater movement of soil by cattle (Betteridge et al., 
1999; Elliott et al., 2002).  A grazing intensity by soil texture interaction was observed on 
fine- and course-textured soils under three grazing management strategies with soil 
compaction occurring primarily on fine-textured soil (Van Havern, 1983).  Presence of 
livestock in pastures resulted in altered physical and chemical processes of soil 
macroaggregate stability (Franzluebbers, 2002) and homogeneity (Horn et al., 2002), which 
altered water fluxes and diffusion of water into soil (Horn et al., 2002).  These effects of 
cattle on the soil physical properties lasted longer than their effects on the nutrient 
concentrations in overland flow (Kurz et al., 2006).  Sheep caused greater severe short-term 
net disturbance of soil compaction compared to cattle on high moisture soils (Betteridge et 
al., 1999).  Compacted surface soils have higher bulk densities and penetrometer resistance 
which aid in lower infiltration rates, higher overland flow, and P losses (Lipiec and 
Stépniewski, 1995; Nguyen et al., 1998; Pieotala et al., 2005; Zaimes et al., 2008). Additional 
features controlling water infiltration and subsequent water flow and storage in soils are the 
structural stability of the soil surface, surface residue accumulation, and surface soil organic 
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carbon (Franzluebbers, 2002).  Compaction increased soil strength but decreased air 
permeability and hydraulic conductivity (Whalley et al., 1995). Decreased pore size of 
sediment particles and structure influenced nutrient transport and increased surface runoff 
(Lipiec and Stépniewski, 1995).  Due to decreased infiltration rates in compacted soils, the 
reduced water permeability aided in increased surface water flow that resulted in soil erosion 
(Horn et al., 1995).  In a greenhouse experiment, the effects of increased bulk densities on 
root and shoot growth of two perennial ryegrasses were evaluated.  Bulk densities of 0.9, 1.0, 
1.1, and 1.2 Mg/m
3
, with penetration resistances of 2.2, 2.9, 3.6, and 4.4 MPa caused a 
decrease in forage root development and length.  This effect decreased overall plant growth 
by decreased herbage yield and tillering of plants, and is also impacted by the forage cultivar 
(Houlbrooke et al., 1997).  In an additional study by Horn et al. (1995), increased soil bulk 
density and homogenization resulted in decreased aeration with increased penetration 
resistance and impeded root development.   
Stocking rate reduced infiltration properties during the grazing season, especially at 
high stocking rates (Abdel-Magid et al., 1987).  Despite increased bulk density values caused 
from long-term grazing of livestock, the magnitude of compaction was experienced at or near 
the soil surface (Pietola et al., 2005), and was limited to the upper 2.5-5 cm (Greenwood et 
al., 1997), 7-10.5 cm (Mulholland and Fullen, 1991), 10 cm (Daniel et al., 2002), 15 cm 
(Kelly, 1985), or 50-150 mm of soil surface (Greenwood and McKenzie, 2001).  A 
compacted soil layer near the surface impedes water from infiltrating into the soil column by 
decreased micropore/macropore spaces or an increased crust layer on the soil surface (Rice, 
1974; Seven and Germann, 1981; Awadhwal and Thierstein, 1985; Mulholland and Fullen, 
1991; Bissonnas, 1996; Mwendra and Saleem, 1997).  Infiltration is affected by the soil 
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properties of bulk density, aggregation, and moisture content (Meeuwig, 1970).  These 
effects cause decreased infiltration and increased surface runoff during precipitation events 
(Freeze, 1972; Brown et al., 1999; Nearing et al., 2005).  Surface infiltration of precipitation 
decreased from initial rates of 28.5 cm/day in ungrazed pastures to rates of only 7, 5, and 5 
cm/day for light, medium, and heavy stocked pastures, respectively (Daniel et al., 2002).  
Livestock treading impact on soil is cumulative with time and caused a reduction in forage 
production by 6, 9, and 12% in year 1, 2, and 3 of a three-year study on an Australia white 
clover-perennial ryegrass pasture (Kelly, 1985).  Despite only grazing under dry conditions, 
superimposed treading resulted in a 30% decrease in pasture forage growth and resulted in 
increased exposed subsoil conditions (Kelly, 1985). 
Sediment-laden runoff may carry nutrients (Kwong et al., 2002; Walling, 2005; 
Harmel et al., 2006) and microorganisms and bacteria (Garzio-Hadzick et al., 2010; Ochs et 
al., 2010).  The sediment carried in overland flow to streams, ponds, and lakes impairs water 
quality (McDowell et al., 2006b). The sediment in runoff and overland flow increases water 
turbidity and costs of water treatment.  Excessive suspended sediment impacts the aquatic 
community of microinvertebrates within a given water body (Reynoldson, 1987).  These 
benthic, or bottom-dwelling, organisms serve as an indicator of water quality for a particular 
body of water under field conditions (Lenat, 1988; Reynoldson et al., 1997).  Fortunately, 
bacteria, parasites and soil particles can be removed from wastewater by microfiltration and 
ultrafiltration, but at an additional cost for water treatment facilities (Hagan, 1998).  Three 
emerging treatment technologies, such as membrane filtration, advanced oxidation processes, 
and UV irradiation provide alternatives for better protection of public health and the 
environment compared to normal conventional treatment by water treatment facilities (Zhou 
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and Smith, 2001).  A study in Ohio showed a reduction of 10% in annual gross soil erosion 
resulted in a 4% reduction in annual water treatment costs.  Annual water treatment costs 
would normally total over $3.6 million, but with a 25% reduction in soil erosion, treatment 
cost would be predicted to include $2.7 million (Forster et al., 1987). 
Stream bank erosion 
Stream bank erosion is a natural process of a dynamic channel system (Lane, 1955; 
Henderson, 1986).  Corrasion (wearing away by abrasion of stream flow) and slumping or 
collapsing are two major methods of bank erosion and are influenced by precipitation 
conditions and river flow levels (Hooke, 1979; Green et al., 1999) and soil bulk density 
(Wynn et al., 2004).  Erosion of stream banks may be accelerated by the storm energy of 
rainfall amounts within a catchment of the watershed (Davison et al., 2005) that influence 
hydrologic processes controlling  bank stability (Simon and Collison, 2002).  Stepwise 
multiple regressions using hydrological and meteorological conditions during a two and a 
half year period analyzed conditions controlling the amount and distribution of river bank 
erosion. Precipitation conditions of an area provided the best explanations of erosion 
potential, but also illustrated diverse responses of stream bank erosion (Hooke, 1979).  
Processes of stream flow and stream bank erosion interact to cause a flux of suspended 
sediment transported to downstream locations (Green et al., 1999). High total P 
concentrations observed throughout Iowa in stream bank soils and bed materials make these 
the major sources of P in water resources. (Zaimes et al., 2008).  Furthermore, land use 
impacted stream bank erosion rates, total bank eroded length, and total soil loss (Zaimes et 
al., 2004).     
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If the proper vegetative species are selected for stands in riparian areas, increased 
bank strength and reduced bank failure may result (Clary and Leininger, 2000; Micheli and 
Kirchner, 2002).  Riparian vegetation plays a critical role in the hydrological process as it 
controls runoff through complex interactions during base flow of streams as well as overbank 
flow, water uptake and storage during rainfall events, and, most important, coupling of 
microbial and nutritive functions to protect water quality (Clary and Leininger, 2000; 
Tabacchi et al., 2000).  Riparian vegetation increased bank stability (Simon and Collison, 
2002; Pollen, 2007) by the increased cohesion of increased stem counts, standing biomass 
per unit area, and root mass to soil mass ratio (Micheli and Kirchner, 2002).  The root system 
of grass vegetation and riparian planted trees increased soil matric suction by 6-18 and 2-8 
kPa, respectively (Simon and Collison, 2002).  Grass vegetation increased factor of safety 
values, calculated using a stream bank stability model, from 0.97 to 1.37 on non-vegetated 
sites to 1.36 to 1.74 on vegetated sites with 1000 grass roots/m
2
 (Pollen, 2007).  Bends along 
streams without vegetation were five times more likely to erode than vegetated sites during 
flood events, and stream bank erosion was thirty times greater on non-vegetated bends than 
vegetated bends (Beeson and Doyle, 1995).  Although some provided benefits, forested 
riparian areas may destabilize stream channels by promoting erosion compared to vegetated 
riparian areas (Trimble, 1997).  Vegetated stream reaches were narrower with smaller 
channels and stored about 2100 to 8800 m
3
 more sediment per kilometer than forested 
reaches (Trimble, 1997).  Despite root reinforcement along stream banks, mass failure of 
stream bank erosion may result (Pollen, 2007).  This phenomenon, caused by a combination 
of increased soil moisture and decreased shear strength, was observed when the break force 
of the small tree roots exceeded pullout force and pullout force exceeded break force of large 
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tree roots to cause bank failure (Pollen, 2007).  In addition, freeze-thaw cycles during winter 
months cause stream banks to become fragile (Hagerty et al., 1983).  In a winter 
feeding/summer grazing system in 0.5-1.1 ha watersheds in Ohio, 81% of stream bank soil 
loss occurred during the winter season (Owens et al., 1982). 
Livestock activity in riparian areas modify ecosystem processes associated with soil 
and vegetation properties by degrading soil surface structure, increasing bulk density, and 
reducing infiltration rates (Belsky and Blumenthal, 1997; Nguyen et al., 1998; Daniel et al., 
2002).  If soil compaction is measured as the dry bulk density of sample expressed as a 
percent of referenced soil with a standard compression stress of 200 kPa, compaction 
becomes independent of soil composition factors (Håkansson and Lipiec, 2000).  
Geomorphic changes to riparian landscapes can be caused by cows (Trimble and Mendel, 
1995).  Uncontrolled grazing of livestock was associated with declined perennial cover, 
reduced litter cover, loss of soil surface structure, and changes in soil microclimate (Yates et 
al., 2000).  In addition, overgrazing of forages by livestock in riparian forested areas resulted 
in reduced biomass and density of understory forages (Belsky and Blumenthal, 1997). 
Damage to sward characteristics may result from excessive cattle treading and uneven 
grazing distribution within a pasture (Climo and Richardson, 1984; Scholefield and Hall, 
1986; Pande and Yamamoto, 2006).  The hoof action associated with treading is a function of 
animal weight combined with the area of 100 cm
2
 contact of animal hooves on the soil 
surface (Patto et al., 1978; Hart et al., 1993).  The increased hoof action on stream banks 
increased stream bank erosion (Trimble, 1994).  Treading damage exerted on soils by grazing 
animals is similar to that of agricultural machinery (Greenwood and McKenzie, 2001).  A 
standing sheep and cow may exert a pressure of 0.12 and 0.2-0.3 megapascals (MPa, or 
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approximately 1 kg/cm
2
) on the sward.  In comparison, an adult man and tractor tire may 
exert pressures of 0.2 MPa and 0.1-0.2 MPa (Wind and Schothorst, 1964; Patto et al., 1978).  
Static pressure loads on soil were determined to be 123 kPa for 315 kg bulls (Betteridge et 
al., 1999), 40 kPa for 40 kg sheep (Betteridge et al., 1999) with ranges of 50 to 80 kPa 
(Willatt and Pullar, 1983), and 300 (Scholefield et al., 1985) to 400 kPa (Thomas et al., 1990) 
for mature cows. Exerted pressure on the soil will increase when livestock are moving 
because of decreased hoof area, and increased weight distribution and energy kinetics of 
motion (Greenwood et al., 1997). The approximate area trampled for each kilometer traveled 
per animal is 90 m
2
 (Hart et al., 1993).  The impact of cattle trampling was compared on 
continuously stocked (1.0 animal unit/ha/yr) and ungrazed pastures.  Trampling decreased 
soil macroporosity from 8 to 5% and water-stable aggregates from 5.35 to 4.35 mm under 
dry conditions (Taboada and Lavado, 1993).  Treading, using a mechanical hoof, increased 
bulk density from 1.18 to 1.29 Mg m
-3
, decreased macroporosity from 16.5% to 10% v/v (Di 
et al., 2001) and 20.5% to 10.7% v/v (Drewry et al., 2001) in the top 10 cm of soil, and 
reduced pasture yield from 100 to 91% of relative dry matter yield (Di et al., 2001).  
However, total porosity of the soil ranged from 58 to 64 and 53 to 78% on ungrazed and 
grazed pasture areas because of shrink-swell processes on soil characteristics (Taboada and 
Lavado, 1993).     
High stocking densities resulted in soil compaction, reduced infiltration, increased 
runoff, and increased erosion and sediment yields (Trimble and Mendel, 1995). Soil 
compaction implies an increase in soil bulk density (Whalley et al., 1995).  Ungrazed sites 
had reduced soil compaction and higher bank stability compared to continuously grazed sites 
(Magner et al., 2008).  Livestock grazing effects on streambanks may be greater in recently 
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disturbed or higher moisture soils (Betteridge et al., 1999; Greenwood and McKenzie, 2001; 
Taddese et al., 2002). Therefore, limiting livestock grazing to only dry periods may greatly 
reduce physical damage to streambanks (Marlow and Pogacnik, 1985). 
Nutrient Loading 
Soil characteristics of sediment also influence the physical and geochemical 
properties of transport of nutrients and contaminants into water bodies (Walling, 2005).  Fine 
particles, such as clay and organic matter possess large surface areas, high binding capacities, 
and low settling velocities and thereby, become major nutrient supplies and transporters of 
nitrogen and phosphorus (Hart et al., 2004).  Retention and transport of nutrients are also 
impacted by high and low flow events of the stream channel process (Triska et al., 1989).  
Excessive suspended sediment containing nutrients in streams arise from soil eroded from 
stream banks, bare soil flushed in overland flow from streamside zones into the stream 
during a rainfall event (Walling, 2005), and previous sediment precipitated out to the bottom 
of the streambed, but re-suspended during a rainfall event (Green et al., 1999).  Sediment in 
the water is subject to several forces.  Gravity pulls sediment particles down to settle out on 
the streambed, whereas turbulence and buoyancy continue to suspend sediment particles in 
the water (Lane, 1955).  Flow rate and depth of the stream determine the balance of these 
forces, because as flow rate increases, the amount of sediment carried will increase as well.  
In contrast, if the flow rate decreases, sediment carried will decrease and this balance is 
known as the sediment transport capacity (Lane, 1955).  Sediment transport capacity of a 
particular stream can be altered by changes in adjacent land area influencing overland flow 
hydraulics such as soil roughness, crop residues, and perennial forages (Nearing et al., 2001; 
Zaimes et al., 2004).  Large numbers of sediment transport equations have been developed, 
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and are used to model erosion based on stream flow and soil characteristics (Alonso et al., 
1981; Julien and Simons, 1985; Guy et al., 1987; Lu et al., 1989). 
In addition to nutrient contributions from sediment, Arnold (1981), White et al. 
(2001), and Ballard and Krueger (2005) reported correlations between the duration animals 
spend in a particular area and the number of excretions, resulting in increased soil nutrient 
concentrations close to shade and water sources.  Cattle normally defecate about twelve times 
a day (range 10-16; Phillips, 1993), and urinate an average about nine to ten times a day 
(Hancock, 1953; Betteridge et al., 2010).  Patterns of nutrients excreted are mainly 
determined by the livestock grazing pattern (Phillips, 1993).  Animal nutrient excretions are 
closely related to nutrient intake (Van Horn et al., 1996) and animal waste has been shown to 
contain nutrients, such as nitrogen and phosphorus (Van Horn et al., 1996; Whalen and 
Chang, 2001).  Therefore, nutrients lost from soil and fecal material of grazing animals 
within streamside zones of pastures contribute to negatively impact aquatic ecosystems 
(Reynoldson, 1987; Carpenter et al., 1998; Wang et al., 2007) and impair water quality (Hart 
et al., 2004; McDowell et al., 2006b).  
Phosphorus 
 Phosphorus (P) is an essential nutrient necessary for crop and animal production 
(Sharpley et al., 2001).  Phosphorus is also a nutrient of high environmental concern, as P 
moved in the PO4 form accelerates eutrophication of freshwater surface waters (Sharpley et 
al., 1992; Carpenter et al., 1998; Sharpley, 2000a; Sharpley and Tunney, 2000b; Hubbard et 
al., 2004).  Eutrophication lead to severe algal blooms of Cyanobacteria and Pfiesteria 
(Green et al., 1999; Sharpley et al., 2001), reduced dissolved oxygen levels, and reduced 
biodiversity of aquatic organisms that compromise the integrity of the ecosystem (Butler et 
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al., 2006).  Phosphorus may be transported in forms of sediment-bound P (Räty et al., 2010) 
and soluble P (Haygarth et al. 1998; Haygarth and Jarvis 1999; Blackwell et al. 2010).  The 
highest concentration of Olsen-P mg kg
-1
 in dry soil under permanent grassland conditions is 
normally found in the top 10 cm of the soil with decreasing concentrations with soil depth 
(Haygarth et al. 1998). 
Maintaining adequate vegetative cover may prevent the transfer of P from the top 
layers soil of pasture lands.  Soil cover prevents the primary driver of soil detachment which 
is erosive storm energy, transferring sediment and particulate P to surface waters (Davison et 
al., 2005). Due to high total P concentrations of soils observed within streamside areas, 
reduced transport paths, decreased overland flow and decreased stream bank erosion may 
assist to decrease nonpoint source P pollution (Zaimes et al., 2008).  Seasonal effects of P 
movement exist and these effects may be related to the P leached during rainfall events from 
dead plant material and other residues (Sharpley et al., 1993). Bare ground within riparian 
areas contribute a substantial P load (0.7 kg P ha
-1
), especially in a dissolved reactive form, to 
surface waters during heavy rainfall events (Butler et al., 2006).  Surface broadcasting of 
fertilizer on barley and ley grass fields, followed shortly thereafter with 7-15 mm of overland 
water flow, resulted in movement of orthophosphate from the surface through the soil and 
peak dissolved orthophosphate concentrations in surface runoff and drainage water (Turtola 
and Jaakkola, 1995).  Phosphorus exported from an area of land occurred mostly by overland 
flow as it is leached from the soil (Sharpley et al., 2001; Hart et al., 2004).  Phosphorus 
leached is dependent upon the rate of microbial conversion of inorganic P to water-insoluble 
form (Bromfield and Jones, 1972), and of the total phosphorus in the clover plant, 60-83 % is 
water soluble (Bromfield and Jones, 1972).  In river systems, the primary P transport 
  
17 
 
occurred by surface runoff (McGechan et al., 2005) and regions where surface runoff of P aid 
algal growth and eutrophication, phosphorus budgeting or use of the phosphorus index may 
be necessary (NRCS, 1994; Van Horn et al., 1996).  For example, in six Oklahoma 
watersheds with varying proportions of fields used for pastures, forest, and row crop, as 
determined by the Soil and Water Assessment Tool (SWAT) the worst 5% of the land area 
contributed nearly 50% of the sediment, 34% of the phosphorus load, and 22% of the total 
pollutant load in streams, lakes, and other surface water resources (White et al., 2009).  In a 
series of six sequential runoff events occurring on a sedimentation basin, sediment, nitrogen, 
and phosphorus retention was examined.  Despite retention of 94, 76, and 52% of the 
sediment, nitrogen, and phosphorus, the majority of sediment, nitrogen, and phosphorus was 
released within the first 4 hours during the one day event and within 12 hours of a three day 
event (Edwards et al., 1999).  Therefore, balance of P inputs and outputs at farm and 
watershed levels are critical to decrease the risks of P loss to water (Sharpley et al., 2001). 
Diet modification such as phase feeding of domestic livestock is one way to decrease 
phosphorus levels excreted to surface waters to decrease the risk of water pollution (CAST, 
2002a).  The transport mechanism of P contributions from livestock at field and catchment 
scales is P sorbed onto fecal particles, which are moved downward through soil by 
macropore flow under wet conditions, but become suspended or trapped during dry 
conditions (McGechan et al., 2005).  Most P in fecal material is extractable by water (15-
36%; McDowell and Stewart, 2005).  If fed reed canarygrass and timothy hay, levels of total 
P excreted in the feces of feeder cattle averaged 6.7 g kg
-1
 (Barnett, 1994), while phosphorus 
levels in fecal material of sheep and dairy cattle were 8.0 and 5.5 g kg
-1
, respectively 
(McDowell and Stewart, 2005).  Decreased bioavailability of fecal material by drying effects 
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may affect P returns for soil fertility and the potential for runoff (McDowell and Stewart, 
2005).  However, various stocking rates of cattle in Florida did not affect nutrient 
concentrations or loads in surface runoff as the average annual P discharges and total P 
concentrations in runoff were 1.71 and 0.25 kg
-1
·ha
-1
 and 0.63 and 0.15 mg
-1
·L
-1
 from 
summer and winter grazed pastures, respectively.  Reducing cattle stocking rates on pastures 
were not an effective practice for reducing nutrient loads and accumulation of P in soil.  A 
majority of the P in soils originated from historical fertilization over agronomic values and 
this management practice had an overriding influence on P loads in surface runoff (Capece et 
al., 2007). 
Microbial Pollutants 
Total Coliforms 
A historical outline on the evolution of the coliform bacteria being used as an 
indicator of microbial contamination in drinking water can be found in the first chapter of 
Indicators for Waterborne Pathogens (NRC, 2004).  The coliform test became the 
cornerstone across the United States for monitoring and regulating water contamination by 
fecal pollution (APHA, 1965), although testing methods have continued to evolve.  Because 
additional studies lead to the understanding of the role that water played in transmitting 
diseases, water regulations related to coliform levels were expanded to include recreational 
and shellfish waters (NRC, 2004).  More recent studies have shown that while the presence 
of coliforms can still be a sign of fecal contamination, the absence of coliforms within a 
sample can no longer be taken as assurance that water is uncontaminated (Block and 
Schwartzbrod, 1989; NRC, 2004).  Additional information regarding the history of changes 
to water regulation criteria has been reviewed by the NRC (2004). 
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According to the EPA, total coliform is the only accepted method to measure the 
bacterial quality of water which uses the membrane filter technique (Standard Methods for 
the Examination of Water and Wastewater, Method 9222). However, a continued need for 
correct source identifications of contaminants by microbial source tracking techniques is 
warranted (Scott et al., 2002; Simpson et al., 2002; Meays et al., 2004).  Desmarais et al. 
(2002) and Sobsey et al (1990), as referenced by Scott et al. (2002) discovered ecology, 
prevalence, and resistance to stress differences between coliforms and pathogenic 
microorganisms.  These large differences noted between these groups may limit the ability of 
coliforms to serve as the correct indicators of fecal pathogens for future regulations. 
Fecal Coliforms 
 Relationships have been established between cattle presence in pastures and fecal 
coliform concentrations under four grazing management strategies (Tiedemann et al., 1987).  
Fecal coliform bacteria may be able to survive intense heat and sunlight for at least one 
summer in the fecal material in southeastern Utah (Buckhouse and Gifford, 1976).  Die-off of 
fecal coliforms occurred at approximately nine weeks under normal ambient conditions, but 
some bacteria continued to remain partially viable for eighteen weeks (Buckhouse and 
Gifford, 1976).  Fecal coliforms may remain viable longer in a slurry mixture (Buckhouse 
and Gifford, 1976).  This research was conducted on a small land area (0.23 m
2
) and health 
risks remained when the results were applied to larger area as demonstrated in water samples 
that exceeded health standards of 1 fecal coliform/100 ml for drinking purposes.  These 
standards were later changed to less than 200 fecal coliforms/100 ml with 90% of samples 
containing less than 400 fecal coliforms/100 ml (EPA, 1976).  Fecal coliform counts were 
greater in water samples collected from streams of continuously stocked pastures than 
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rotationally stocked pastures of cows in Minnesota (Sovell et al., 2000).  But livestock 
removal from pastures may not provide immediate solutions to elevated levels of fecal 
coliforms in surface waters (Tiedemann et al., 1987).  Elevated fecal coliform counts were 
observed in excess of 10
8
 organisms day
-1
 km
-2
 during the winter season, which imply 
organisms live into and through winter in animal feces, sediment, and soil (Tiedemann et al., 
1987). 
Fecal coliform release from soil particles is similar to release kinetics of P and 
organic carbon, consequently the Bradford-Schijven model is recommended to model the 
release of manure constituents (Guber et al., 2006).  Concentrations of E. coli decreased with 
time since application as a result of the chemical and physical breakdown of fecal material 
(McDowell, 2006a).  Under rainfall simulations, concentration of fecal coliforms released 
from fecal deposits reached equilibrium within 10 minutes.  Results followed the normal 
bacterial death curve as deposits less than 5 days after excretion released fecal coliforms on 
the order of millions/100 ml of water and decreased to 40,000/100 ml at 30 days (Thelin and 
Gifford, 1983).  Fecal coliforms may account for as much as 70% of total coliform counts 
observed (Stuart et al., 1971). 
Escherichia coli 
Excessive bacterial loading of surface waters is the leading cause of water quality 
impairments in Iowa (IDNR, 2010).  Esherichia coli, a fecal coliform, is used as an indicator 
of fecal contamination originating from a warm-blooded mammal (Gerba and McLeod, 1976; 
An et al., 2002).  In 1974, Congress passed the Safe Drinking Water Act to require the 
Environmental Protection Agency (EPA) to determine the level of contaminants in drinking 
water at which no adverse health effects are likely to occur. The Safe Drinking Water Act is 
  
21 
 
in the Code of Federal Regulations Title 42, Chapter 6A, Subchapter XII and requires 
drinking water to be evaluated for coliform concentrations. Therefore, E. coli have been used 
as the most accurate indicator of fecal contamination from humans or animals in surface 
waters (Geldreich, 1966; Nash et al., 2009).  Although these indicator bacteria are not 
necessarily pathogenic themselves, they originate from the same fecal source as the 
pathogenic bacteria and are, therefore, used to indicate fecal contamination of a water source 
(Kabler et al., 1964; Szewzyk et al., 2000). Therefore, presence of E. coli or increased 
numbers of coliform bacteria in water samples indicates a risk for the occurrence of enteric 
pathogens excreted via feces (Clark, 1990; Lund, 1996). Escherichia coli survived for longer 
time periods in unsterile natural seawater samples when sediment was present than in solely 
seawater samples (Gerba and McLeod, 1976).  Organic material present in the natural water 
samples was speculated to attribute to the longer survival rates of E. coli (Gerba and 
McLeod, 1976). 
Escherichia coli in surface waters were found to
 
be affected by the flow rate of the 
drainage
 
discharge, the number of bacteria in or on the soil and vegetation,
 
and the 
application to the land of large volumes of semiliquid
 
animal manure over short periods of 
time (Evans and Owens, 1972).  Application of swine manure on pastures resulted in a 
detectable
 
30- to 900-fold increase in bacterial concentrations in the drain discharge within 2 
hours of the start of the spraying.  Levels returned to normal observed levels within a period 
of 2 to 3 days, but 90% reduction took approximately 57 days (Evans and Owens, 1972).  In 
fecal deposits, E. coli numbers increased for periods of 6 to 14 days and then proceeded to 
follow the typical logarithmic die-off curve (Muirhead et al., 2005). Within seven days of 
composting, more than 99.9% of E. coli in the feces from cattle feedlots were eliminated 
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(Larney et al., 2003).  Fecal deposits from grazing animals may remain a contributing source 
of E. coli for impairing water quality for more than 30 days (Muirhead et al., 2005).  A 
majority of E. coli organisms in fecal deposits are eroded during rainfall or overland flow 
events and transported as single cells, while only 8% of E. coli is bound to sediment particles 
(Muirhead et al., 2005).  But, upon removal of livestock from a Colorado pasture or when 
just 40 head of cattle were grazing, indicator bacteria densities in the stream water were 
similar to those in adjacent, ungrazed pastures (Gary et al., 1983).  Indicator bacteria 
densities in the stream water were significantly higher when at least 150 cattle were grazing 
pastures (Gary et al., 1983).  This result may infer that at certain stocking rates a threshold is 
reached from fecal material deposited to pollute and/or enrich stream water quality. 
Source identification 
Somarilli et al. (2007) using molecular tools which amplify repetitive DNA 
sequences, found distinct DNA sequences for given ecotypes throughout the E. coli genome 
that could be used to isolate or determine the source of origin for E. coli. Group isolates from 
water samples were correctly predicted 90.2% of the time and although watersheds were 
dominated by grazing livestock and row crop farms, the dominant source of E. coli found in 
the stream water samples originated from geese (44.7-73.7%), followed by cows (10.5-
21.1%), deer (10.5-18.4%), humans (5.3-12.9%) and unidentifiable sources (0.0-11.8%; 
Somarilli et al., 2007). Consequently, areas with large numbers of wildlife could expect 
surface water impairments directly from these sources. Stream water from two watershed 
were compared and stream water from a closed watershed without recreation or livestock 
grazing had four to six times
 
the coliform count found in an adjacent mountain watershed 
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open
 
to recreational activities.  Contamination differences were attributed to the large wildlife 
population within the closed watershed (Stuart et al., 1971). 
 Alternative methods of microbial source tracking have been proposed by evaluating 
the ratio of fecal coliforms to fecal streptococci, as humans excrete higher fecal coliform 
counts and animals excrete higher levels of fecal streptococci.  Fecal coliform to streptococci 
ratios greater than 4.0 infer pollution originating from human waste, whereas a ratio less than 
or equal to 0.7 infer pollution derived from nonhuman origin (Geldreich and Kenner, 1969).  
Nash et al. (2009) evaluated likelihood of animal pathogens in surface waters by the presence 
of enterococci on varying urban and agricultural areas in Oregon.  Results indicated that 
enterococci values of greater than or equal to 35 cfu/100 ml, which exceed threshold values, 
originate from urban areas within 60 m of a stream, while agricultural areas were the 
designated source of values less than 35 cfu/100 ml. Threshold concentrations of enterococci 
were lower in areas with natural land cover and a 1% increase in natural land cover, or 
agricultural land use, was associated with a 12% decrease in predicted odds of exceeding the 
threshold value of greater than or equal to 35 cfu/100 ml  (Nash et al., 2009). However, the 
fecal coliform:enterococci ratio method has been abandoned as this ratio fluctuates over time 
(Pourcher et al., 1991; Sinton et al., 1993).  One suggested area of research for assisting with 
source tracking technologies would be to evaluate relative survival of fecal microbes or 
markers in relation to one another, E. coli, and other pathogens to determine a more correct 
marker of source contamination (Field, 2004). 
Pathogens 
Steps that are necessary to minimize the health risks associated with zoonotic 
waterborne pathogens include prevention and control of animal reservoir populations (Pell, 
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1997; Scott et al., 2002; Gannon, 2004); containment, treatment, and disposal of animal 
wastes and prevention of animal access to surface waters, and use of new technologies to 
reduce or eliminate risks of pathogens transferred during extreme weather events (Gannon, 
2004).  It is speculated that over 50% of waterborne disease outbreaks are a direct result of 
heavy rainfall events (Curriero et al., 2001), which aid in the survival and transport of enteric 
pathogens by water or within the environment (Brosh et al, 2006b). 
Esherichia coli 0157:H7 
 Esherichia coli 0157:H7, originally identified in 1982, is found in the feces of 
infected cattle (Mead and Griffin, 2009).  Transmission to humans occurs through 
consumption of contaminated water and food and direct contact of infected cattle (Mead and 
Griffin, 2009).  These gram-negative, toxin producing bacteria damaged microvessels of the 
central nervous system and kidneys (Tesh and O‟Brien, 1991), destructed the epithelial 
microvilli of the small intestine and caused lesions in livers of neonatal calves (Dean-
Nystrom et al., 1997).  Escherichia coli 0157:H7 is the major cause of acute renal failure in 
children, hemolytic uremic syndrome (Boyce et al., 1995), and outbreaks of human diarrhea, 
hemorrhagic colitis (Riley, 1987), and thrombotic thrombocytopenic purpura (Baker et al., 
1997; Griffin and Tauxe, 1991).  Additional pathogenic mechanisms of E. coli 0157:H7, 
Shiga-toxin or Shiga-like toxins may be referenced by Tesh and O‟Brien (1991), Russell et 
al. (2000), Hussein (2007), and Gyles (2007).   
 Because of their severity, health risks associated with E. coli 0157:H7 need to be 
continually surveyed (LeChevallier et al., 1999). Infections with E. coli 0157:H7 are 
relatively rare in industrialized countries because of the susceptibility of these organisms to 
water treatment processes, but may be more problematic in situations which surface water is 
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consumed without proper treatment (Chalmers et al., 2000; Mǿlbak and Scheutz, 2004).  
However, in a review of E. coli 0157:H7 outbreaks that occurred between 1992 to 2001, 
waterborne transmission only accounted for 2% of all outbreaks in England and Wales 
(Gillespie et al., 2003). In another report documenting E. coli 0157:H7 outbreaks from 1982-
2000 in the USA, recreational waters and drinking water accounted for only 6 and 3% of all 
outbreaks (Rangel et al., 2003), respectively. But single event outbreaks have been reported 
and traced back to water contamination (Chalmers et al., 2000; Mǿlbak and Scheutz, 2004). 
Esherichia coli 0157:H7 is a hardy pathogen that may last greater than 91 days in 
surface waters (Wang and Doyle, 1998) and it survived, replicated, and continued to move 
downward through the soil for more than two months (Gagliardi and Karns, 2000).  Bacteria 
shed from feces of cattle, sheep, or pigs containing E. coli 0157:H7 survived on pastures for 
an average of 134 days, but survivability ranged up to 190 days (Avery et al., 2004).  In an 
analysis of different water sources, greatest incidence of E. coli 0157:H7 was found in 
municipal water sources and least in lake water samples.  In addition, E. coli 0157:H7 
survival was greatest in water samples at 8°C for over 91 days and least at 25°C for 49 to 84 
days (Wang and Doyle, 1998). 
According to Dean-Nystrom et al. (1997), Mǿlbak and Scheutz (2004), and Matthews 
et al. (2006), cattle may serve as an important reservoir of Shiga-like toxin-producing E. coli 
0157:H7, as the primary source of this organism is the ruminant gastro-intestinal tract 
(Naylor et al., 2005).  But it is unknown whether all strains of E. coli 0157:H7 of bovine 
origin pose a human health risk (Baker et al., 1997).  Esherichia coli 0157:H7 was readily 
leached from sheep and cattle feces under heavy simulated rainfall events, but greater 
densities of E. coli 0157:H7 were recovered from sheep feces compared to cattle feces 
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(Williams et al., 2008).  In addition, other reservoirs such as pigs, sheep, goats, dogs, deer, 
rabbits, opossums, waterfowl, and humans may carry verocytotoxin (Shiga toxin)-producing 
E. coli (VTEC) or E. coli 0157:H7.  Esherichia coli 0157:H7 was isolated from 1 of 296 
(0.34%) bird fecal samples, 5 of 630 (0.79%) white-tailed deer fecal samples, and 2 of 60 
(3.33%) flies from traps located on two different dairy farms (Rice et al., 2003).  These 
animals may transmit E. coli 0157:H7 at infectious doses, allowing water to act as a vehicle 
of transmission (Mǿlbak and Scheutz, 2004). A problem associated with identifying sources 
of these bacteria is that animals infected with E. coli 0157:H7 usually remain asymptomatic 
for a majority of the time (Cray, Jr. and Moon, 1995) and when excreting E. coli 0157:H7, 
the numbers are in large quantities.  However, the increase in excretion numbers (CFU per 
gram) of E. coli 0157:H7 are believed to be result from a multiplication process during 
passage from the large bowel to the anus (Cray, Jr. and Moon, 1995) and is, thereby, 
supported by the hindgut fermentation process. 
Incidence of fecal shedding of E. coli 0157:H7 varies widely among animals within 
the same contemporary group (Cray, Jr. and Moon, 1995) and is impacted by diet 
formulation (Fox et al., 2007); as grain-fed cattle have higher populations of E. coli 0157:H7 
compared to cattle fed forage-based rations (Callaway et al., 2009).  Shedding of E. coli 
0157:H7 occurs for longer periods of time from calves than mature cows (Cray, Jr. and 
Moon, 1995).  However, Elder et al. (1999) discovered a 28% (91 of 327) incidence of E. 
coli 0157:H7 in feces of Midwestern cattle harvested at four Midwestern packing plants.  
Results of this study also suggested seasonal peak incidences of E. coli 0157:H7, such as late 
summer and early fall, which is supported by others (Hancock et al., 1997a; Van Donkergoed 
et al., 1999).  In a study of 73 commercial feedlots in Kansas, Nebraska, Oklahoma, and 
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Texas, overall E. coli 0157:H7 incidence was 10.2 and 13.1% in fecal samples collected from 
feedlot surfaces and water samples from water tanks, respectively.  At least one positive 
sample of E. coli 0157:H7 was detected in 52.0 and 60.3% of all fecal samples collected 
from feedlot surfaces and water samples from water tanks, respectively (Sargeant et al., 
2003).  However, Van Donkergoed et al. (1999) found direct culture incidences of only 0.2 to 
4.9% in cull cows and yearlings with the greatest incidences found in yearling cattle 
compared to cull cows.  Overall incidence of E. coli 0157:H7 was 1.0% on fourteen cow 
herds in Washington, Oregon, and Idaho (Hancock et al., 1997b). Weaned heifers had a 
higher prevalence (1.8%) than the nonweaned calves (0.9%) and cows (0.4%; Hancock et al., 
1997b).  Incidence of E. coli 0157:H7 in fecal samples collected in Canada from a beef cow 
herd ranged from 2 to 18% for cows and 23 to 26% for calves (Gannon et al., 2002). 
Bovine viruses 
Enterovirus  
 Bovine enterovirus (BEV) is a member of the Picornaviridae family (Craighead, 
2000; Pallanch and Ross, 2001).  Molecular data indicate two distinct clusters of bovine 
enteroviruses, BEV-A and BEV-B, each with two genotypes and three serotypes, 
respectively (Zell et al., 2006).  A total of eighty-nine serotypes of enterovirus have been 
identified; sixty-two serotypes are associated with human infections and twenty-seven 
serotypes associated with animal infections (Ley et al., 2002).  Of the animal enteroviruses, 
twenty-two, three, and two are of simian, porcine, and bovine origin, respectively (Ley et al., 
2002). Established routes of transmission of enteroviruses are predominantly through fecal-
oral methods, but respiratory droplets and food, water, and fomites are included (Craighead, 
2000).  After the primary infection occurs, enteroviruses may be shed from the infected 
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individual for three weeks via the respiratory infection, but over two months from the gut 
infection (Modlin, 1997).  Enteroviruses are single-stranded RNA-positive molecules 
comprised of approximately 7400 nucleotides, 25-30 nanometers in diameter, non-enveloped, 
and icosahedral (Gerba, 1999; Schnurr, 1999; Craighead, 2000; Ley et al., 2002).  Additional 
phylogenetic trees of enteroviruses found within the environment have been evaluated and 
reviewed extensively (Ley et al., 2002; Goens et al., 2004; Jiménez-Clavero et al., 2005; Zell 
et al., 2006), and although not pathogenic, enteroviruses are a human health risk.  But 
according to Ley et al. (2002), there have been no human infection reports related to surface 
water contamination with animal feces containing enteroviruses. 
 Bovine enteroviruses may be used an indicator of fecal contamination in surface 
waters (Wyn-Jones and Sellwood, 2001; Ley et al., 2002; Jiménez-Clavero et al., 2003; Fong 
et al., 2004; Goens et al., 2004; Maluquer de Motes et al., 2004; Clavero et al., 2005), as 
strains of bovine and porcine rotavirus have been detected in drinking water (Gratacap-
Cavallier et al., 2000).  Enteroviruses are shed in large numbers from the feces of 
contaminated animals (Taylor et al., 1984).  However, only low virus concentrations have 
been found in surface waters and may restrict their use of fecal contamination markers 
without the use of ultracentrifugation or additional measures to concentrate these viruses 
(Bergh et al., 1989; Jiménez-Clavero et al., 2005).  Rainfall may contribute to distribution of 
enteroviruses in the environment, and consequently surface waters may serve as a reservoir 
for enteric viruses (Wyn-Jones and Sellwood, 2001; Jiménez-Clavero et al., 2005).  Bovine 
enteroviruses were found in 11 of 30 (36.7%) surface water samples in Georgia (Fong et al., 
2005). The presence of enteroviruses was directly related to dissolved oxygen levels and 
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stream flow, but was inversely related to water temperature and rainfall thirty days prior to 
sampling (Fong et al., 2005).  
While BEV has been suggested as an indicator of fecal pollution of surface water 
sources from domestic livestock (Jiménez-Clavero et al., 2005; Fong et al., 2005), BEV was 
found in feces of 76, 38, and 33% of cattle, white-tailed deer, and geese, respectively, 
cohabitating within the same pastures (Ley et al., 2002).  Species of livestock grazing within 
the same pastures and drinking from the same water sources are likely to be infected with 
similar viral variants (Jiménez-Clavero et al., 2005).  Goens et al. (2004) observed RNA 
isolates of BEV within the environment when no isolates could be discovered directly from 
cattle feces within the same area.  Therefore, wildlife such as deer and geese should be 
considered potential sources of environmental enterovirus contamination as well as cattle 
(Ley et al., 2002).  
The most important factors affecting the rate of infectivity and survivability were 
ambient temperature (Hurst et al., 1980a, Lewis et al., 1986; Enriquez et al., 1993; Gantzer et 
al., 1998; Nasser et al., 2003; Wait and Sobsey, 2001; Wetz et al., 2004), virus adsorption to 
soil
 
(Hurst et al., 1980a), and soil moisture loss rate (Hurst et al., 1980b).  In addition, 
organic matter such as sewage present in a surface water resource is known to protect 
enteroviruses from environmental inactivation (La Belle and Gerba, 1982).  Enteroviruses are 
very stable in a variety of environmental conditions including pH, temperature, and salinity 
of water and soils (Keswick et al., 1982; Keswick et al., 1984; Lewis et al., 1986; Ley et al., 
2002; Goens et al., 2004).  Using Reverse Transcriptase Polymerase Chain Reaction (RT–
PCR), enteric viruses in salt water were last detected at day 30 at 30°C and through day 60 at 
22°C (Wetz et al., 2004).  Viral RNA from enteroviruses remained infectious in salt water 
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until day 37 at 30°C and day 60 at 22°C (Wetz et al., 2004).  Human enteroviruses were 
detected in the water and sediment up to 4 and 19.5 km downstream of a human sewage spill 
(Lewis et al., 1986). Enterovirus detection was at least ten times greater in transported 
sediments than in overlying water which suggests enteroviruses may survive in fresh water 
resources for more than 90 days (Lewis et al., 1986).  In addition, over 23 weeks were 
necessary to inactivate enterovirus in sludge (Damgaard-Larson et al., 1977) and changes in 
enterovirus numbers were related to fecal
 
coliform levels in lagoon sludge (Farrah et al., 
1981).  Enteroviruses may survive in soil for up to 100 days, but normally survive less than 
20 days (Feachum et al., 1983; EPA, 2004).  Enterovirus remained viable in liquid manure 
for 13 days under 35°C conditions, but was rapidly inactivated by anaerobic digestion at 
55°C and when heated to 70°C for 30 minutes (Monteith et al., 1986).  Inactivation of 
enteroviruses also occurs when heated to 50°C for several minutes or by treatments with 
ultraviolet light (Thurston-Enriquez et al., 2003a), chlorination (Thurston-Enriquez et al., 
2003b), formaldehyde, or sodium hypochlorite (0.3-0.5 ppm chloride; Schnurr, 1999).  When 
bovine enterovirus was ensiled with cracked corn or composted, enterovirus was inactivated 
after a period of 30 and 28 days, respectively (Monteith et al., 1986).  These results infer 
enteroviruses remain viable within the environment for long periods of time or only a few 
animals of a herd may be responsible for shedding of enteroviruses (Goens et al., 2004).  
Additional ecology and survivability information of enteroviruses in natural waters can be 
referenced by a review by Melnick and Gerba (1980) and Brosh (1995). 
Coronavirus 
 Bovine coronavirus (BCV) was first identified by Mebus et al. (1972; 1973a; 1973b) 
and Stair et al. (1972), and later this virus strain was diagnosed as a major cause of calf 
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diarrhea.    Coronaviruses, derived from the Latin word for crown, because of their shape, are 
pleomorphic, enveloped viruses with diameters ranging from 60 to 220 nanometers (Block 
and Schwartzbrod, 1989; Cavanagh and Macnaughton, 1995); but there have been 
documented variations in strains of bovine enteric coronaviruses (Dea et al., 1995).  The 
genome of bovine coronavirus consist of RNA, responsible for sequencing and encoding 
matrix and nucleocapsid proteins with a molecular weight around 3.8 x 10
6
 kDa (Saif and 
Heckert, 1990).  For additional structural models of coronaviruses, refer to previously 
reported models of coronavirus (King and Brian, 1982; Macnaughton and Davies, 1986; Saif 
and Heckert, 1990; Clark, 1993). 
Coronaviruses are recognized as a leading agent in neonatal enteritis in young calves 
and are chronically shed in adult cattle (Durham et al., 1989).  This virus is associated with 
acute infection of disease in cattle during the winter seasons referred to as winter dysentery 
(Durham et al., 1989). Characteristics of infections with this virus are profuse watery 
diarrhea resulting in severe dehydration, acidosis, listlessness, severe body weight loss, an 
extreme decrease in milk production, and possibly death of the infected livestock (Saif and 
Heckert, 1990; Boileau and Kapil, 2010).  Coronavirus survives extended periods of low 
temperatures which may lead to greater coronavirus incidences during winter (Pensaert and 
Collebaut, 1978; Durham et al., 1989; Tråvén, 2000; Gundy et al., 2009).  Coronaviruses are 
shed via the fecal-oral routes, but may also be shed and transmitted by infection of the 
respiratory tract (Hasoksuz et al., 1999).  Transmissible gastroenteritis (TGEV) and mouse 
hepatitis (MHV) viruses, both within the coronavirus family, required 22 and 17 days for a 
99% reduction in 25°C water (Casanova et al., 2009).  In contrast, in pasteurized settled 
sewage, 9 and 7 days were required for a 99% reduction of the viruses.  Both viruses 
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remained infectious even after four weeks in water samples at 4°C (Casanova et al., 2009).  
Furthermore, coronaviruses are inactivated within 10 days at greater rates in tap water at 
23°C compared to greater than 100 days in water at 4°C, which implies greater survival rates 
at lower environmental ambient temperatures (Gundy et al., 2009).  Canine coronavirus 
(CCV) can survive well at temperatures below −20°C, but not at temperatures above 4°C 
(Tennant et al., 1994).  Additional information of coronaviruses can be referenced by a 
review by Clark (1993). 
Rotavirus 
 Rotaviruses, derived from the Latin word for spoke wheel, are non-enveloped 
negatively-stained RNA virions (Craighead, 2000). Various groups of rotavirus are isolated 
from livestock and humans and may be found in fecal-contaminated surface waters (Gerba 
and Rose, 1990).  Rotavirus Group A, the most prevalent form, is found in cattle (Maes et al., 
2003), pigs (Gouvea et al., 1994), and humans (Aboudy et al., 1988; Rahman et al., 2005). 
Group B, the atypical form, is found in pigs, cattle, sheep, goats and humans (Brown et al., 
1997).  Group C is found in cattle (Tsunemitsu et al., 1991), pigs (Bridger et al., 1986), 
humans (Bridger et al., 1986; Rasool et al., 1994), and ferrets (Wise et al., 2009).  Rotavirus 
Group D is found in chickens (Pedley et al., 1986); Group E in pigs (Pedley et al., 1986); and 
Group G in horses (Browning et al., 1991).  The latter three groups have only been found in 
livestock species without being directly isolated from humans (Abbaszadegan, 1999).  
Additional classification of these groups may be divided by 11 gene segments into serotypes 
(Taniguchi et al., 1992; Hoshino and Kapikian, 2000; Matthijnssens et al., 2008).  Rotavirus 
serotypes 6 and 10 from Group A are the predominate isolates of beef cattle (Snodgrass et al., 
1990).  However, increasing detection of human strains, previously believed to be restricted 
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to animals, raises questions whether interspecies transmission of rotaviruses are common 
events in nature (De Leener et al., 2004). Both porcine and bovine rotaviruses have been 
detected in drinking water (Gratacap-Cavallier et al., 2000).  Rotavirus Group A, a double-
stranded RNA virus, is the chief etiologic agent of severe viral gastroenteritis (Taniguchi et 
al., 1992; Desselberger, 2000).  Rotaviruses pose a human health risk worldwide causing 
human viral diarrhea (Melnick, 1984; Cook et al., 1990), high fevers and vomiting that 
infects infants and children (Moulton et al., 1998).  There is a very low, but not-zero, risk of 
death from rotavirus infections (Parashar et al., 2003).  Bovine-human reassortant strains of 
rotaviruses have been detected from young children in Bangladesh (Ward et al, 1996).  
Rotaviruses are present throughout the world with peak incidences varying by geographical 
location, as peak incidences occurred during winter for the Americas and during autumn or 
spring in other parts of the world (Cook et al., 1990).  For additional gene structure and 
function of rotavirus, refer to Estes and Cohen (1989), Prasad and Chiu (1994), and Ramig 
(1994). 
The onset of illness is within 24 to 48 hours after infection with rotavirus and is noted 
by severe watery diarrhea, vomiting, and rapid dehydration (Desselberger, 2000).  Within 
developing countries, there are believed to be over 125 million cases of rotavirus infections 
in children that are five years or younger with approximately 900,000 deaths worldwide each 
year.  However, 1 million cases are reported within the United States with only 150 deaths 
annually (Desselberger, 2000).  Rotavirus attaches and infects differentiated villous 
columnar, mature enterocytes in the small intestine and results in covering of the villi with 
immature, nondifferentiated cuboidal epithelium (Theil, 1989; Lu, 1995).  At the initial stage 
of infection, all villi within the small intestine are shortened or even disappear which is 
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characteristic of villous atrophy, and impairment of the normal digestive-absorptive process 
(Theil, 1989).  Consequently, infected individuals display symptoms of severe intestinal 
diarrhea and other diseases (Ramig, 1994; Cook et al., 1990).  Cells increase their mitotic 
activity in attempt to recover from depleted epithelial populations and symptoms usually 
persist from seven to ten days or until the intestine is lined again with mature, differentiated 
enterocytes to maintain sufficient digestive-absorptive processes (Theil, 1989).  
Transmission of rotavirus occurs by the fecal-oral route originating from surface 
water contaminated with human and animal feces.  An infected host or carrier excretes the 
virus and another individual becomes contaminated by drinking the infected water 
(Desselberger, 2000; Szewzyk et al., 2000; Theron and Cloete, 2002).  Rotaviruses may be 
excreted at approximately 10
6
 to 10
8
 infectious doses per gram of feces for five to nine days 
upon infection (Woode et al., 1976; Szewzyk et al. 2000).  Rotaviruses are inactivated at pH 
2.0 with slower rates of inactivation at pH 3.0 and minimal inactivation at pH 4.0 (Weiss and 
Clark, 1985).  Along with other enteric viruses, rotaviruses are resistant to high (10.0) pH 
(Estes et al., 1979).  Treatment and removal of rotaviruses from water resources are difficult 
without the use of free chlorine, ozone, and ultraviolet (UV) radiation (Abbaszadegan, 1999), 
but some strains may also be chlorine resistant (Payment, 1985).  In municipally treated tap 
water held at 4°C, human rotavirus titer remained infectious for over 64 days (Rapheal et al., 
1985).  In raw river water held at 20°C, it took 10 days to achieve a 99% reduction in the 
human rotavirus plaque titer or decrease the level of infectivity (Rapheal et al., 1985).  
Rotavirus infectivity decreased at 37°C compared to 4°C and 20°C (Moe and Shirley, 1982).  
Rotavirus remained stable in a laboratory setting at 4 or 20°C in a media containing 1.5 mM 
CaCl2 (Shirley et al., 1981).  Porcine rotaviruses remained infectious in feces isolated from 1-
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4 week old piglets and held at laboratory conditions of 10°C for 32 months.  Eleven of the 30 
(36.7%) samples remained infectious even after 32 months (Ramos et al., 2000).  When 
associated with suspended solids in water samples, rotavirus retained infectious status for 19 
days.  However, rotavirus only remained infectious for 9 days when freely suspended in 
seawater (Rao et al., 1984).  Therefore, rotaviruses may remain viable and survive in raw and 
treated river water for periods of days to weeks, depending on water temperature and water 
quality (Abbaszadegan, 1999; Szewzyk et al. 2000), suggesting that recreational and potable 
waters are potential vehicles for transmission of rotavirus (Rapheal et al., 1985). 
Conceptual risk models for rotavirus infection have been designed (Haas and 
Eisenberg, 2001), as well as assessments of risks to surface, ground, and drinking water 
supplies (Hunter et al., 2003).  These risks are dependent upon concentration of 
microorganisms initially in the raw material, reproduction within the population, recovery, 
inactivation from treatment process, and daily consumption of contaminated material (Dietz, 
1993; Teunis et al., 1996). Craighead (2000) observed that although rotaviruses from 
domestic animals have been shown experimentally to infect children, little evidence exists 
indicating that animals are a significant reservoir for human infections. 
MANAGEMENT OF GRAZING EFFECTS ON SEDIMENT, NUTRIENT, AND 
MICROBIAL LOADING OF STREAMS 
Grazing Management 
 Uncontrolled livestock grazing has been implicated as a possible source of 
contamination of water quality by their impact of manure and urine deposition in and near 
surface waters, accelerated stream bank erosion and sediment transport by hoof action, and 
altered stream morphology and aquatic habitat destruction (CAST, 2002b; Collins et al., 
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2007).  Impacts on water quality can be altered through management strategies including 
abiotic and biotic factors to alter grazing livestock distribution in pastures. 
Abiotic factors on cattle distribution 
Topography 
A review on the abiotic factors of topography and pasture characteristics influencing 
cattle distribution can be referenced at Coughenour (1991).  Bailey and Welling (1999) and 
Butler (2000) observed that steep slopes made moving cattle away from riparian areas 
difficult, as cattle did not utilize steep pasture slopes until forced out of comfort areas like 
riparian areas with more palatable forages. As a result, grazing in regions with gentle slopes 
reduced the environmental impact of hoof traffic of grazing livestock.  Cattle use areas with 
gentler slopes to a greater extent than steeper slopes (Mueggler, 1965; Bryant, 1982; Gillen et 
al., 1984; Ganskopp and Vavra, 1987; Harris et al., 2002), as 46% of urine excretions were 
found in the flattest 33% of a 0.5 ha paddock (Betteridge et al., 2010). Slope or topography 
traveled is not independent from cattle age.  Older cattle used a larger variety of slopes than 
yearlings (Bryant, 1982) and travelled farther distances from water resources in a pasture 
(Bailey et al., 2006). Regardless of the class of cattle, as pasture slope increased, the 
frequency of cattle use decreased (Glendening, 1944; Mueggler, 1965; Phillips, 1965; 
Hedrick et al., 1968; Bryant, 1982; Coughenour, 1991). Landscape and its form determine 
cattle trail locations (Weaver and Tomanek, 1951).   Mueggler (1965), Cook (1966), Harris et 
al. (2002), Ganskopp and Vavra (1987), and Bryant (1982) found that slopes greater than 10, 
10, 10, 20, and 35%, respectively, were avoided by young and mature cattle regardless of 
pasture aspects, but cows made more use of the steeper slope than yearlings.  Use of 
supplementation sites with low-moisture blocks increased forage utilization in moderate 
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terrain but not in difficult terrain (Bailey and Welling, 1999; Bailey and Jensen, 2008a).  This 
result implied that cattle did not make random use of forage resources in rugged terrain 
(Ganskopp and Vavra, 1987).  The variation of slopes tolerated by cattle suggested there are 
other social characteristics and pasture characteristics that drew cattle into steeper regions of 
pastures for grazing, such as the social grouping (Beilharz and Zeeb, 1982), home range of 
cattle groups (Roath and Krueger, 1982) and forage availability.  Sigua and Coleman (2009) 
evaluated slope aspect and position on nutrient dynamics of cow-calf operations in Florida.  
Average soil organic carbon concentrations on the top and middle of the slope were 
significantly higher than soils from the bottom of the slope, which suggest greater forage 
consumption by cattle grazing at the bottom of the hill or effects of the clay content of the 
soil on forage growth. 
Pasture size/shape 
The effect of pasture shape on utilization of pasture resources depend on the 
interaction of pasture size and the spatial heterogeneity of native pasture plants (Laca, 2009). 
Smaller pastures with equal stocking rates result in a more even distribution of livestock than 
larger pastures.  By altering the pasture shape while maintaining constant stocking rates, the 
area of the pasture utilized per animal per unit time may be manipulated, resulting in greater 
forage utilization within a pasture (Hacker et al., 1988; Laca, 2009). In northern Australia, 
subdividing a pasture into smaller paddocks was effective in distributing grazing livestock 
more widely across the landscape, but was less effective in achieving uniform grazing within 
paddocks (Hunt et al., 2007).  Also, Hunt et al. (2007) observed that despite smaller pasture 
size distributing livestock more evenly, congregation areas still occurred even in small 
paddocks.  Hart et al. (1993) showed that decreasing pasture size and reducing the distance 
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cattle had to travel to water were more important for improving pasture utilization than 
implementing an intensive rotational grazing system.  In addition to affecting pasture 
utilization, Bryant (1982) concluded that pasture configuration may also influence 
distributional patterns; which may also affect distribution of nutrients excreted within 
pastures (White et al. 2001).  Feces deposited by sheep (Arnold, 1981) and cattle (Bagshaw, 
2002; Ballard and Krueger, 2005; Haan et al., 2010) were proportional to the time animals 
visited an area, suggesting location of animal distribution was directly associated to the 
distribution of nutrients excreted in a pasture.  Consequently, since cattle were located within 
the stream habitat on Western Rangelands approximately 2% of the time over two years, 2% 
of the manure excreted was directly deposited in the stream corridor (Ballard and Krueger, 
2005).  This grazing distribution may result in an increase in the concentration of soil 
nutrients close to shade and water sources (Tate et al., 2003). 
Walker and Heitschmidt (1986) discovered that subdividing a pasture into triangular-
shaped paddocks with the water source located in the middle of the system resulted in the 
development of trails that the cattle traveled on to the water source.  Pasture size and forage 
quality can affect the duration of livestock daily activity and distances traveled, affecting 
daily energy expended and heat production (Brosh et al., 2010).  Sevi et al. (2001) found that 
shape of the pasture paddock affected sheep grazing behavior and efficiency and herbage 
intake. Rectangular and square paddocks were evaluated and ewes in the square paddock had 
a 40% higher herbage intake, and consequently, a greater proportion of fecal output 
compared to the ewes in rectangular paddocks. Bagshaw et al. (2008) used four pastures with 
a mean of 1.1 ha each, with differences noted as one pasture was larger than the other three, 
but found no effect of season or trough, used as an offstream water source.  The implications 
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suggest that in very small pastures, the effect of season of use for offstream water may not be 
experienced and that field size has an effect on grazing behavior (Bagshaw et al., 2008).  
Therefore, an appropriate paddock size is required for future research studies on cattle and 
sheep grazing behavior.         
Shade 
Exposure of grazing animals to increasing ambient temperatures and solar radiation 
may be circumvented by the direct use of shade (Ittner and Kelly, 1951; Bond, 1969). Natural 
(trees or hedges) or artificial (structures) shades provide behavioral, physiological, and 
production benefits associated for cattle grazing pastures during periods of acute or 
prolonged heat exposure (Blackshaw and Blackshaw, 1994). Consequently, as temperature 
increases, animals often eagerly seek shade or shade and watering areas during high ambient 
temperatures (McIlvain and Shoop, 1971; Macfarlane and Stevens, 1972; Sakurai and Dohi, 
1988; Schmidt and Osborn, 1993; Mader et al., 1999; Mathews et al., 1999; Gaughan et al., 
2004b; Sigua and Coleman, 2007), periods of high solar radiation (Tucker et al., 2008), and 
periods of increasing relative humidity (Black Rubio et al., 2008) to reduce the heat load in 
an attempt to maintain thermal equilibrium (Blackshaw and Blackshaw, 1994). 
Consequently, cattle grazing patterns may be influenced during periods of hot weather by 
shade availability.   
Almost all of the heat gained by animals from the environment during daylight hours 
comes directly or indirectly by solar radiation (Fuquay, 1981).  Therefore, altering the effects 
of solar radiation by providing shade for cows reduces the deleterious effects of increasing 
ambient temperatures and heat stress (Tucker et al., 2008; Karki and Goodman, 2010) on 
productive (McDaniel and Roark, 1956) and reproductive efficiency (McDowell, 1972; 
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Jordan, 2003), and semen characteristics (Coleman et al., 1984).  Shade should be thought of 
as a form of insurance for animals in hot climates to help maintain production goals on an 
operation (Hahn, 1985).  A simple shade structure may reduce the animal‟s radiant heat load 
by 30% or more (Bond et al., 1967) and help maintain milk production and reproductive 
efficiency in dairy cows (Armstrong, 1994).  The reduced heat load decreased rectal 
temperatures and respiration rates with the largest difference observed during periods of peak 
heat load (Gaughan, 2004b). Respiration rates of third trimester pregnant cows without shade 
were substantially higher (102 min
-1
) compared to their shaded counterparts (62 min
-1
; 
Silanikove and Gutman, 1992).  McIlvin and Shoop (1971) observed in a four-year 
Oklahoma rangeland study that shade increased body weight gains of Hereford steers over 
the grazing seasons.  McDaniel and Roark (1956) showed that cows and their suckling calves 
gained significantly more body weight from access to both natural and artificial shade.  
Mitlöhner et al. (2002) also observed higher DMI, ADG and overall final BW in Texas 
feedlot heifers offered shade compared to unshaded heifers. A significant milk yield increase 
of 18.4% was experienced by dairy cattle provided natural shade (Macfarlane and Stevens, 
1972).  In addition, heifers provided shade had significantly lowered respiration rates 
compared to heifers without shade (Garrett et al., 1967; Sakurai and Dohi, 1988; Mitlöhner et 
al., 2002) and cows provided shade had decreased core body temperatures or rectal 
temperatures compared to unshaded cows (Garrett et al., 1967; Roman-Ponce et al., 1977; 
Blackshaw and Blackshaw, 1994; Tucker et al., 2008). Coleman et al., (1984) discovered that 
bulls provided shade had greater (P < 0.10) semen motility, movement rate, and percentage 
live sperm cells compared to bulls without shade during only the first year a study. However, 
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shade had no consistent effect on semen quality implying that the effects of shade on semen 
quality are influenced by ambient temperature. 
By utilizing and manipulating shade locations within a pasture, cattle can be drawn to 
under-utilized pasture areas to reduce damaging spot grazing.  Shade is an important 
management strategy and tool producers may use in pastures to draw cattle away from 
surface waters as a way of improving water quality and optimizing grazing distribution 
throughout the pasture (McIlvin and Shoop, 1971; Byer et al., 2005).  Providing nonriparian 
shade in pastures can encourage cattle away from surface waters and decrease the risk of 
fecal loading of streams (Byers et al., 2005).  McIlvin and Shoop (1971) discovered that 
shade was nearly as effective as water location and supplemental feeding as a tool to promote 
more uniform grazing within a pasture.  Kelly et al. (1950) found that trees are the most 
effective form of shade, serving dual purposes. Trees provide protection from solar radiation 
and as moisture within leaves evaporate; cooling benefits may be experienced by livestock 
assist to minimize heat stress effects experienced by livestock (Hahn, 1982). 
  Although natural shade is the most common (Kelly et al., 1950), an artificially 
constructed shade structure can be developed in an area without natural shade.  An artificial 
structure should protect animals from the direct rays of the sun (Ittner and Kelly, 1951) and 
consist of highly reflective materials with low conductivity to environmental storm events 
(Ansell, 1981). The higher the artificial structure, the greater air movement for increased 
evaporative cooling experienced by animals, but lowered structures had smaller reflective 
radiant loads on livestock (Buffington et al., 1983).   Additional information regarding 
orientation and development of an artificial structure can be found at Ansell (1981), 
McFarlane (1981), and Buffington et al. (1983). 
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Season 
Daily grazing time was found to be lower in the fall compared to the winter grazing 
season.  Although this trial was conducted in Montana during fall and winter, results imply 
that in addition to forage quality and availability, moderate microclimates are important 
environmental features affecting daily intake and total grazing time (Prescott et al., 1994).  
The effectiveness of using supplementation to protect water quality may also be 
impacted by the season of grazing use (DelCurto et al., 2005).  Cattle selected riparian zones 
of pastures over upland locations during the summer grazing season, but reversed selection to 
upland vegetation during the latter part of the season (Bryant, 1982).  These observations 
may have been a result of cattle seeking water for thirst and thermoregulation during increase 
environmental conditions.  In western rangelands, water and shade resources are 
concentrated in riparian areas and these factors contributed to the seasonal difference 
experienced in grazing uses. 
Biotic factors on cattle distribution 
Forage quantity, quality, and pasture composition 
 A review on the biotic factors of forage quality, quantity, and pasture composition 
combined with cattle experience and age influencing cattle distribution can be referenced at 
Bailey et al. (1996).  Forage quality, availability, and accessibility effect total daily intake 
and grazing time of cattle (Allison, 1985; Senft et al., 1985; Prescott et al., 1994).  Roath and 
Kruegar (1982) discovered riparian ecosystems containing bluegrass in eastern Oregon's 
Blue Mountains produced only 21% of the total herbaceous biomass of the land allotment, 
but provided 82% of the total forage consumed by cattle.  Cattle usually select and generate 
patches differing in forage quality and quantity even in mono-specific pastures. This 
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patchiness consequently influences subsequent vegetation growth and animal grazing 
responses (Cid and Brizuela, 1998).  If adequate vegetative cover and height are maintained 
during grazing bouts, plant vigor is preserved.  This allows forages of a grazed area to reseed 
to establish a healthy stand for next season‟s production (Clary and Leininger 2000).  
Although matching forage quality with cow's nutrient needs is important (Adams et al., 
1996), maintaining adequate vegetative cover in streamside zone of pastures is essential to 
decrease the risk of nonpoint source pollution occurring from grazed pastures (Warren et al. 
1986; Elliott et al. 2002; Reed and Carpenter 2002; Schoonover et al. 2006).   
In addition, increased plant species diversity has been linked to improvements in 
ecosystem functions (Soder et al., 2007).  Some forage species are better at preventing 
sediment, nutrient, and microbial loading of streams than others as some stands may be more 
tolerant of continuous grazing than others (Brummer and Moore, 2000).  Sod grasses are 
generally more tolerant to frequent defoliation events and develop a uniform sod and tiller 
density covering the soil compared to bunch-type grasses.  Sod grasses include reed 
canarygrass, Kentucky bluegrass, and smooth bromegrass as compared to bunch-type grasses 
of tall fescue, timothy, orchardgrass, and other ryegrasses.  The proper forage species for an 
area provides resistance to topsoil detachment by raindrops (Hoffman and Ries, 1991) and 
against concentrated flow and runoff events (Self-Davis et al. 2003; De Baets et al. 2007).   
Cattle experience and age 
Cow age and previous experience within a pasture directly influences the distribution 
patterns and forage utilization use of cattle in range conditions (Broweleit et al., 2000; 
Walburger et al., 2009). In addition, similar physiological state, such as lactating and/or 
pregnancy status must be considered to correctly evaluate performance (Grings et al., 2001) 
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for grazing or distribution purposes, as there are some discrepancies within the literature 
relating the influence of cow age on cattle distribution. Varying nutritional requirements exist 
for different ages of cattle (Neville, Jr., 1971). 
Bailey et al., (2001) concluded in one year of a two year study that younger cattle 
traveled a greater distance vertically and horizontally than older cattle, but no differences 
were observed during the second year of the study.  In addition, Bryant (1982) discovered 
that during periods with high ambient temperatures, yearlings traveled greater distances than 
cow-calf pairs, which did not occur during the remainder of the year.  In contrast, Morrison 
et al., (2002) discovered that older cows traveled farther distance from a stream than heifers 
during the morning hours, but there was no difference in the distance traveled from noon to 
dusk between mature or younger cows. The result that cows may not travel normal distances 
with their calf at side during extreme temperatures reinforced the later findings of Grings et 
al. (2001) that physiological state and the environment may supersede cattle age influencing 
distribution.  Pregnant or lactating cows traveled shorter distances and explored smaller areas 
in the pasture than nonpregnant-nonlactating cows (Black Rubio et al., 2008).  Calves are not 
as strong and cannot endure heat or cold stress or travel large distances normally traveled by 
cows.  Consequently, the distance cow-calf pairs travel is limited more by the distance a calf 
may travel than the cow‟s age.  But, Walburger et al. (2009) found younger cattle less than 
three years of age, averaged 24 meters closer to water resources than older cattle.  This result 
is in agreement with Bailey et al. (2006) and Bailey and Vavra (1987) who found that older 
cattle may travel farther from water resources in a pasture. Younger cattle, two to three years 
in age, tended to remain closer to pasture fences, implying that experience within a pasture 
may influence cattle distribution (Beaver and Olson, 1997).  As a result, younger cows less 
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than three years of age may be less efficient at using pasture forages than 7- and 8-year-old 
cattle (Beaver and Olson, 1997). 
Effects of Best-Management Practices (BMPs) on animal distribution and NPS 
 Extensive reviews evaluating grazing management impacts on stream water quality 
have been conducted in the southern humid region by Agouridis et al. (2005) and western 
rangelands by Belsky et al. (1999).  Best-Management Practices are divided into two 
categories, which include structural control BMPs and cultural control BMPs.  Structural 
BMPs control pollutant transportation into surface waters, while cultural BMPs are land 
management practices designed to decrease direct pollutant inputs into water sources (Logan, 
1990).  Protection of pasture stream banks are most effective when adequate vegetation cover 
is maintained and used in combination with a structural component (Henderson, 1986). 
 Fencing 
Exclusion fencing 
In order to minimize or decrease nonpoint source pollution contributions occurring 
from pastures or rangelands, total exclusion fencing of streamside areas has been proposed to 
deny cattle uncontrolled access to surface waters and reduce impairments of water quality by 
direct deposition of fecal coliforms and/or pathogens (Bryant, 1982; Skovlin, 1984; Davis et 
al., 1991; Collins et al., 2007; NRCS).  Exclusion fencing reduced nutrient and sediment 
concentrations and fecal loading of surface waters by cattle (Owens et al., 1996; Line et al., 
2000; Meals, 2001; Line, 2003) due to the increased biomass vegetation (Taddese et al., 
2002).  Five years following the implementation of total exclusion fencing on a 26 ha 
watershed, sediment concentrations and soil loss decreased by 50 and 40%, respectively 
(Owens et al., 1996).  Reduced bank erosion and increased channel stability decreased 
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median and maximum suspended sediment concentrations from 147 to 9.9 mg l
-1
 and an 
order of magnitude, respectively, in an agricultural catchment in Australia.  Sediment exports 
decreased from over 100 to less than 10 kg ha
-1
 yr
-1
 (McKergow et al., 2003).    
   Bryant (1982) recommended when fencing riparian areas to exclude livestock, special 
care should be taken to place fences on the first flat area located above the stream, while 
incorporating all plant community types.  Nongrazed, or fenced-off streamside areas in 
southeastern Minnesota had a higher index of benthic microinvertebrate integrity (IBI) 
compared to continuous grazed areas with lower IBI scores with areas with short-duration 
grazing having an intermediate score (Magner et al., 2008).  Sites excluded from grazing had 
nearly two times the litter cover on the ground compared to grazed sites, while grazed sites 
had four times the percentage of bare ground in riparian areas of pastures compared to cage 
enclosures in riparian areas (Schulz and Leininger, 1990).  Pastures grazed by cattle with 
unfenced streams contributed significant loads of dissolved reactive phosphorus (DRP), total 
phosphorus (TP), total suspended sediment (TSS), and E. coli to surface waters (Byers et al., 
2005).  Streamside areas with uncontrolled cattle access had 57-83% lower macroporosity, 8-
17% higher bulk density, and 27-50% greater resistance to penetration of soils compared to 
areas excluded from cattle (Kurz et al., 2006). 
  Although exclusion fencing may eliminate cattle direct access to surface waters, and 
possibly reduce transport of animal waste and soils containing pathogens, fencing is a very 
large economic investment (Gannon et al., 2004).  Consequently, alternative management 
strategies to alter cattle distribution and influence more uniform utilization of forages 
throughout the pastures are more cost-effective than total exclusion fencing. 
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Buckhouse and Gifford (1976) noted no significant changes in the presence of total 
and fecal coliforms in water runoff from rainfall simulations on unfenced and fenced areas 
used for grazing cattle in small Utah pastures. Under rainfall intensities of 5 cm/h and 10 
cm/h, no differences in E. coli transport were observed with 0.61, 1.37, or 2.13 m maintained 
vegetative buffers, but decreased E. coli loads compared to nonvegetated sites (Larsen et al., 
1994).  In addition, minimal water quality benefits occurred upon implementation of BMPs 
(fenced 9.1 m riparian area buffer with 3.7 m stream crossing) in 2 to 3 ha pastures 
(Agouridis et al., 2004c).    
Fencing and maintaining adequate vegetation around waterways not only prevent 
cattle direct access to surface waters, but also entrap microbes from being washed toward the 
stream in surface runoff (Collins et al., 2007).  However, Gannon et al. (2004) observed that 
by decreasing access of domestic livestock populations to a watershed with exclusion 
fencing, increases in wild or feral animals were observed.  Authors speculated that these 
animals were just as likely to deposit zoonotic pathogens into the surface waters.  Similarly, 
Aramini et al. (1999) found a waterbourne toxoplasmosis in Victoria, British Columbia, 
Canada in a fenced watershed that may have resulted from cougar or feral cat excretions and 
not from domestic livestock.   
Rotational grazing 
 Rotational grazing systems promote homogeneity within paddocks and heterogeneity 
among paddocks, whereas continuous grazing systems increase heterogeneity within 
paddocks and homogeneity among paddocks (Laca, 2009). Riparian areas may be 
incorporated into the rotational grazing system, but utilization and management strategies 
should be highly sensitive to the size and shape of the zone (Unterschultz et al., 2004).  In 
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addition, management of riparian areas is impacted by the number of livestock grazing 
(Unterschultz et al., 2004).  Comparison of a 14- and 42-paddock rotational grazing system 
yielded no differences in forage quality.  Stocking densities of the pastures had minimal 
effect on the overall increases or decreases in forage quality, but quality differences were 
positively associated with plant growth rates (Heitschmidt et al., 1987).   
Implementing a rotational grazing system may reduce the risks of nonpoint source 
pollution occurring from a grazed area of land, although the intensity and timing of 
defoliation is critical to the success of a rotational grazing system (Chapman et al., 2007).  
Fecal coliforms and water turbidity levels were consistently higher on continuous grazed 
pastures than rotationally grazed sites in southeastern Minnesota streams (Sovell et al., 2000) 
with the greatest risk of surface water contamination occurring within the first few days 
following a fecal deposition event.  The greatest risk of water impairments occur while the 
fecal material is still wet, therefore controlling grazing to areas not likely to produce overland 
flow may negate grazing impacts on overland flow (McDowell, 2006a). 
Herding 
Herding has been an effective management strategy to reduce stream bank erosion on 
rangeland conditions as unattended cattle herds congregate and overuse riparian areas 
causing stream bank trampling, stream bank shearing, and drifting into unauthorized units for 
grazing (Skovlin, 1957). Consequently, Skovlin (1957, 1965) and Butler (2000) observed 
that using a herder on a daily basis reduced the overall time and frequency cattle were present 
in riparian areas.  The herder allowed the cattle to water in the early morning, but shortly 
thereafter the cattle were gathered and drove off the stream and eased into the uplands away 
from the riparian area.  The herder had to drive the herd into an area with a good forage stand 
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and ensure that the herd was either grazing or found shade before leaving.  Bailey et al. 
(2008b) observed that free-roaming cows visited riparian areas more frequently than herded 
cattle, which resulted in significantly more fecal abundance in and along a stream corridor.  
The use of a herder to alter cattle distribution decreased the time and frequency that cows 
were located within 100 m and along the stream, which decreased the risk of direct 
deposition of nutrients and pathogens and concentration of hoof traffic in streamside zones.  
Butler (2000) also observed four factors that affected the efficacy of this process: 
topography, fencing, alternative water, and the continued presence of the herder with the 
cattle herd. However, damages to watershed may occur by the continual herding of cattle, 
because increased hoof traffic may be detrimental to rangeland conditions.  Therefore, daily 
management and areas of gentle slopes are best for implemented herding conditions. 
Low water crossings 
Development of low water stream crossings are a management strategy to allow cattle 
access to stream water resources for drinking and crossing purposes without acerbating 
stream bank erosion.  When used in conjunction with exclusion fencing on the remaining 
portion of the stream, hoof traffic restricted to the lane, reduced excessive herbage removal 
and soil compaction in and around streams, ponds, and lakes (Collins et al., 2007). 
Haan et al., (2010) found that restricting stream access to a stabilized crossing 
decreased the duration of time that cattle were located in the stream compared to unrestricted 
stream access. Cattle were still allowed access to the stream, but cattle drank and moved 
shortly thereafter to upland locations to continue grazing or seeking shade (Haan et al., 
2010).  The need for complete exclusion fencing of cattle from streams is not necessary, as 
their impacts can be negated by proper management.  However, Henry and Thurston-
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Enriquez (2003) concluded that the presence of cattle in the stream, despite using a restricted 
stream crossing, resulted in increased concentrations of microorganisms downstream of the 
crossing.  Despite their conclusions, upon closer evaluation of the data, there are excessive 
background total coliforms and E. coli concentrations coming into the pasture that previously 
exceed EPA recommendations of water quality.  The flow-weighted bacterial concentrations 
show greater E. coli concentrations in the absence of cattle in the pasture inlet and middle of 
the pasture, but not in the pasture outlet. Total coliform concentrations were higher when 
cattle were present in every scenario, but do not appear to be substantially different from 
cattle being absent. 
Off-stream water, nutritional supplementation sites, and distance to water 
 Use of off-stream water or nutritional supplementation sites has proven to be effective 
altering cattle distribution to reduce sediment or nutrient loading of streams (Marlow and 
Pogacnik, 1986; Miner, 1992; Smith et al., 1992; Clawson, 1993; Sheffield, 1993; Porath et 
al., 2002). These practices have been effective in drawing cattle away from streams, which 
decreased the timing and frequency that livestock spend in the stream or in streamside zones 
(Miner et al., 1992; Godwin and Miner, 1996; Sheffield et al., 1997; McInnis and McIver, 
2001; Porath et al., 2002; Ganskopp, 2004; Hunt et al., 2007; Bailey and Jensen, 2008a; 
Franklin et al., 2009) and improved pasture utilization (Porath et al., 2002).  Offstream water 
and trace mineral decreased cattle hoof traffic on streambanks from 31%, prior to 
implementation, to only 26%, after implementation and reduced uncovered and unstable 
streambanks from 9% in non-supplemented pastures to 3% in supplemented pastures 
(McInnis and McIver, 2001). As a result of greater pasture utilization and livestock 
distribution, greater economic returns can be expected from the increased weight gains of 
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livestock for producers who implement these BMPs (Stilling et al., 2003).  Sheffield et al. 
(1997) observed that off-stream water sources in Virginia pastures, ranging in size of 14.2, 
16.6, and 22.3 ha, were cost-effective best management practices for reducing the sediment 
loss and sediment-bound pollutants in streams.  Offstream water reduced the amount of time 
cattle were located in streams from 13 min·cow
-1
·day
-1
 to 6 min·cow
-1
·day
-1
 (Sheffield et al., 
1997).  Miner et al. (1992) and Godwin and Miner (1996) found off-stream water was 
effective at reducing the time animals spent by the stream in rangelands and small acreage 
grazing conditions in Oregon during winter.  Visual observations from 12 ha rangeland 
pastures found cattle, with access to streams and an offstream water source, located in 
riparian areas during the early morning hours; whereas, their counterparts without offstream 
water spent a greater proportion of time in the riparian area during the afternoon (Porath et 
al., 2002).   
By developing watering sites throughout the pasture, grazing distribution is more 
evenly distributed as livestock graze greater distances from streams when water was no 
longer a limiting factor (Roath and Krueger, 1982; Gillen et al., 1984). In addition, the 
Riparian Habitat Committee (1982) recommended that nutrient supplement sites be placed no 
closer than ¼ mile, and preferably greater than ½ mile away or more from a riparian area 
depending on pasture topography, to also minimize animal impacts in these areas.  Forage 
utilization of pastures was greater within 600 m of the supplementation sites when joined 
with herding (Bailey et al., 2008b).  Consequently, strategic placement of cattle attractants of 
salt, mineral, or energy/protein supplements has illustrated the importance on grazing 
distribution and utilization of forages in pastures by reduced fecal loads in congregation areas 
of pastures (Tate et al., 2003; Bailey et al., 2008b; Bailey et al., 2008c).  In visual 
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observations on rangeland conditions in Oregon, trace mineral salt consumption averaged 
135.8 g·pair
-1
·d
-1
 and average water consumption from the tank was 21.65 L·pair
-1
·day
-1
, 
which accounted for 45% of daily consumption (Porath et al., 2002).   However, 
supplementation sites were not as effective in influencing livestock distribution when the 
consumption of the supplement was low (Bailey et al., 2008a; Bailey et al., 2008c). 
Bailey and Welling (1999) observed that placement of low-moisture supplement 
blocks in moderate and difficult terrain on a Montana ranch was an effective attractant for 
livestock. Over the 7 to 10 day observation period, forage utilization increased by 20 to 35 
and 10 to 15% for moderate and difficult terrain, respectively. During a 24-h period, cows 
spent 47 of 73 min (64%) within 10 m of low-moisture block at night (Bailey et al., 2008c).  
In addition, Bailey and Welling (2002) discovered that while cattle consumed 154 to 386 
g/day and 4 to 8 g/day of both low-moisture blocks and dry mineral salt, more time was spent 
near the low-moisture supplementation sites.  Furthermore, Bailey et al (2004) and Bailey 
and Jensen (2008a) also found that both low-moisture supplements and pressed mineral 
blocks were effective in drawing cattle away from surface water resources, but low-moisture 
supplement blocks have a greater influence on cattle distribution in rangeland conditions.  
Cattle that grazed in areas of the pasture with low-moisture supplement blocks remained in 
the area adjacent to these sites in comparison to previously grazed areas of the pasture.  
Therefore, strategic placement of supplementation sites away from water resources improved 
the utilization of pasture areas that were not previously being grazed.  The effectiveness of 
supplementation to protect stream water quality may also be impacted by the season of 
grazing use (DelCurto et al., 2005).  Later in the grazing season, these sites become an even 
more important management strategy for drawing cattle away from surface waters, because 
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as forage sward heights decrease, grass has minimal effectiveness of filtering materials being 
deposited in and around the riparian areas of pastures from streams.  However, maintaining 
vegetative cover by proper implementation and duration of off-stream water and 
supplementation sites to minimize the duration of cattle near surface waters increased and 
protected water quality of pasture streams (Porath et al., 2002; DelCurto et al., 2005; 
Bagshaw et al., 2007). Increased numbers of fecal pats were found in areas with nutritional 
supplementation sites (3.3 fecal pats/100 m
2
) compared to nonsupplemented sites (0.5 fecal 
pats/100 m
2
), indicative of greater use by cattle (Bailey and Welling, 1999).  But 
supplementation sites need to be placed away from stream edges to decrease the risk of fecal 
contamination resulting from cattle congregation sites. Implications are supplementation sites 
need to be placed away from stream edges to decrease the likelihood of fecal contamination 
due to cattle congregation sites. 
 Despite studies that demonstrate that off-stream water and supplementation sites 
influence cattle distribution, there are studies that have shown that these practices did not 
reduce the timing and frequency of livestock presence in a stream or in streamside areas 
(Bryant, 1982; Godwin, 1994; Agouridis et al., 2004a; Zuo and Miller-Goodman, 2004; 
Agouridis et al., 2005b; Bagshaw et al., 2008; Haan et al., 2010).  Zuo and Miller-Goodman, 
(2004) reported that water and shade developments did not change the percentage of time 
cattle spent in riparian habitats when compared across periods at two farms. Because a fence 
was located close to the stream on one side, two varying pasture areas and shapes were 
compared, and all the shade was directly located on the stream, these varying factors may 
have confounded the results of cattle distribution to varying degrees. Franklin et al. (2009) 
found that off-stream water reduced the percentage of time that cattle were in a riparian zone 
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at low temperature humidity indexes (THI; 62-72), but not at high THI (72-84).  
Consequently, at high ambient temperatures and humidity conditions, off-stream water may 
not be as effective in deterring cattle from surface waters when uncontrolled stream access is 
available.  Cattle may congregate in riparian areas of small-sized pastures due to thirst and 
thermoregulation by standing directly in the water and only using off-stream water resources 
during periods of thermal comfort.  Additional management strategies may have to be 
implemented in conjunction with off-stream water resources, such as shade, temporary 
fencing, low-water crossings, and/or herding during periods of grazing pastures during high 
ambient temperatures and humidity.  Because, the research in Georgia was conducted in 
small, similar-sized pastures with varying shade distributions and the majority of the pasture 
shade was located directly on the stream, conclusions drawn may infer that cattle attempt to 
regulate body temperature by their most effective method; such as standing in surface waters 
and/or under shade to minimize heat-load effects during high temperatures and humidity 
conditions. Haan et al. (2010) also found no off-stream water effects on the distribution of 
grazing cattle.  These results may have resulted from abnormal rainfall amounts during the 
study, as there were many alternative water sources available along with an off-stream water 
source.  In addition, no differences were observed in fecal deposits within 1 m of a stream 
from cattle grazing on pastures with and without an off-stream water source.  The mean 
concentration of fecal deposits was 0.25/linear stream meter.  Authors noted results imply 
only a marginal proportion of fecal deposits from cattle occur close enough to streams to 
impact water quality  (Porath et al., 2002). 
However, in these studies many pasture characteristics are varied including: pasture 
size and shape, shade distribution, location and distance the off-stream water source is away 
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from the stream, and topography or elevation change within a given pasture.  In addition, the 
time of the year that the studies were conducted varied, inferring that different microclimate 
factors such as ambient temperatures or humidity, influence cattle location.  Consequently, a 
single variable or a combination of variables may be responsible for differences in results to 
off-stream supplementation reported throughout the literature.  The variable results observed 
in different studies imply that until a larger data set from comparable-sized pastures with and 
without off-stream water over a range of ambient temperatures and humidity, conclusions for 
success of implementing off-stream water sources as a viable management practice for 
producers to alter cattle distribution remain complicated, conflicted, and/or unknown. 
TECHNIQUES FOR MEASURING TEMPORAL/SPATIAL DISTRIBUTION OF 
CATTLE 
Visual/Radio 
 Because congregation of cattle near pasture streams increases the risk of nonpoint 
source pollution (Belsky et al., 1999), techniques to quantify the temporal/spatial distribution 
of grazing are needed.  Two of the previous techniques before GPS, were visual and radio 
observations.  Using visual observation, Miner et al. (1992) found that cows with and without 
an offstream water source spent 2 and 26 minutes per day in a stream during winter.  
However, there are limits on the use of visual observations to evaluate livestock behavior and 
distribution, as visual observations are often labor intensive and can be accomplished only 
during daylight hours, which neglects grazing patterns during evening hours (Agouridis et 
al., 2004).  Visual observation is also prone to observer error, as the observer‟s presence may 
influence or alter livestock movements within a pasture. 
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 Radio location by triangulation has been mostly used to study wildlife, but not 
heavily on domestic livestock (Cochran et al., 1965; Heezen and Tester, 1967).  Saltz (1994) 
discovered that nearly half of the papers published using this technology during 1986-1992 
did not mention error or provided incomplete information to evaluate error.  This review 
concluded that radio telemetry technology is constrained by the researchers who used it that 
have not reported error of this technology.  However, a small data set acquired locations 
every 20 sec for 24 h·d
-1
 reported a mean positional error of the automated telemetry system 
of 53 ± 5.9 m (SE; Findholt et al. 1996).  Despite the success of radio tracking systems, 
monitoring very high frequency radio collared animals is still often constrained by 
manpower, ground access, topography, weather, and the ability to detect small-scale 
movements (Pépin et al., 2004).  This technique of utilizing radio-tracking technology for 
species of interest may only be used to characterize large-scale movements of animals.  
Additional technology may be necessary to track species of interest in smaller-scale 
movements within their habitat. 
Global Positioning System (GPS) 
 Technology capable to collect small-scale movements of livestock is Global 
Positioning System (GPS).  Global positioning system technology has served as an important 
tool to evaluate distribution of the grazing animal within a pasture, as well as to evaluate 
timing, frequency, and the duration of time an animal is located directly and indirectly within 
a water source (Bailey et al., 2008b; Franklin et al, 2009; Haan et al., 2010).  Invention and 
development of GPS technology have been reviewed by Hurn (1989), Hurn (1993), and 
Kaplan and Hegarty (2006).  In addition, measures of accuracy and precision of GPS can be 
referenced in van Diggelen (2007) and Rutledge (2010). 
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The GPS collars worn by animals seem to have little effect on grazing behavior 
(Rutter et al., 1997), and this technology serves as a resource to document livestock 
movements without the traditional use of labor-intensive visual observations (Rodgers and 
Anson, 1994; Rodgers et al., 1996; Rutter et al., 1997; Agouridis et al., 2004b).  Use of GPS 
technology has provided the ability to monitor the spatio-temporal distribution and daily 
movement of wildlife (Rodgers and Anson, 1994; Rodger et al., 1996; Mourão and Medri, 
2002).  Global positioning system modules, attached to neck collars, have been used to 
monitor location of caribou (Bradshaw et al., 1995), elk (Dodd et al., 2007), moose (Moen et 
al., 1996; Rodgers et al., 1996; Rempel and Rodgers, 1997), camels (Grigg et al., 1995), 
elephants (Stuewe et al., 1998), red deer (Adrados et al., 2003), white-tailed deer (Bowman et 
al., 2000), wolves (Sand et al., 2005), cougars (Anderson, Jr. and Lindzey, 2003) and 
panthers (Land et al., 2008), black bear (Maehr and Fei, 2008), wild boar (Baubet et al., 
2004), wild dogs (Claridge et al., 2009), zebra (Brooks et al., 2008), giant anteaters (Mourão 
and Medri, 2002), sheep (Rutter et al., 1997; Putfarken et al., 2008; Betteridge et al., 2010), 
and cattle (Bailey, 1999; Ganskopp et al., 2000; Turner et al., 2000; Ganskopp, 2001; Bicudo 
et al., 2003; Agouridis et al., 2004a; Schlecht et al., 2004; Schauer et al., 2005; Ungar et al., 
2005; Barbari et al., 2006; Brosh et al., 2006a; Bailey and Jensen, 2008a; Bailey et al., 
2008b; Black Rubio et al., 2008; Putfarken et al., 2008; Betteridge et al., 2010). 
  Studies have utilized GPS coordinates to evaluate cattle activity (Schlecht et al., 
2004), distances animals travel (Pépin et al., 2004; Ganskopp and Johnson, 2007), and the 
energy expended by grazing activities (Brosh et al., 2006a).  Brosh et al., (2006a) discovered 
that cattle stocked on rangelands in Israel may travel 0 to 32 minutes per day without 
grazing, and spend from 4.4 to 12.1 hours per day grazing.  Cattle spent less time grazing 
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during summer compared to winter or spring seasons.  Using the distance traveled by GPS 
collars, the energy cost of grazing activity and locomotion during grazing was calculated to 
be 6.14 and 6.07 J ∙ kg  BW0.75·m, respectively.  However, during stationary or resting bouts, 
GPS may accumulate perceived movements that inflate daily travel by as much as 15% 
(Heezen and Tester, 1967; Ungar et al., 2005; Ganskopp and Johnson, 2007).  Pépin et al., 
(2004) determined that by reducing data sets or eliminating inaccurate and inactive data, real 
distances traveled were underestimated.      
As GPS use for analyzing livestock grazing behavior has increased, many questions 
regarding the accuracy and precision of this technology have been investigated.  Accuracy of 
GPS readings may be influenced by factors such as atmospheric conditions, multipath signal 
errors, receiver clock and orbital errors, as well as the number, position, and geometry of the 
satellites visible and the topography, shade canopy, and obstacles within the environment 
(Hurn, 1993; Moen et al., 1996; Moen et al., 1997; Di Orio et al., 2003; Agouridis et al., 
2004b).  Rempel et al. (1995) and Rodgers et al. (1996) discovered that canopy 
characteristics of tree species, spacing, height, basal diameter, and canopy closure had no 
influence on positional accuracy, but did influence the frequency of GPS observations 
required for position accuracy.  Ganskopp and Johnson (2007) studied the discrepancies 
between the surveyed distance and the distance determined with GPS units of movement by 
grazing cattle.  The GPS error for a given coordinate was nearly two-fold greater for north-
south approximations or latitude than for east-west approximations or longitude, primarily 
due to the orbits of the satellites around the earth. 
The precision and accuracy of GPS collars relative to their true position and 
suitability for grazing studies have been evaluated (Agouridis et al., 2004b) along with 
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distances of animal movement and activities (Ganskopp and Johnson, 2007; Putfarken et al., 
2008).  Ganskopp and Johnson (2007) found that stationary GPS collars that were 
differentially corrected had a mean position error of 3 m, but included a range of 0.2 to 43.7 
m.  Positional error of GPS telemetry collars determined 88% of recorded locations had 
positional errors equal to or less than 25 m (Di Orio et al., 2003).  Ninety percent of the 
coordinates were within 5.5 m of the mean coordinate location.  Agouridis et al. (2004b) 
conducted static tests of GPS collars in open field, fence line, and tree-covered conditions.  
Static test results for open field, fence line, and tree cover revealed horizontal position 
accuracies of 2.22 ±0.17m, 3.29 ± 0.54m, 5.22 ± 0.69m. Consequently, based on normal 
distribution using the one sigma test (68%; one standard deviation), open field conditions 
without environmental interference resulted in the greatest horizontal position accuracy.  
Data acquired near fences and under tree cover contain errors 1.5 and 2.5 times greater than 
in an open field.  Thus, the greatest source of variation in field conditions occurs in heavily 
shaded areas, which should be considered during grazing studies.  When analyzing GPS 
collar data, an appropriate buffer representative of the expected error in horizontal accuracy 
should be created surrounding highly sensitive areas, such as boundaries of creeks and ponds.  
A 4 to 5 m buffer should be sufficient to determine cattle presence in these areas when 
evaluating environmental impacts (Agouridis et al., 2004b). 
While these static tests provide an understanding of the capabilities and limitations 
for GPS collars under specific environmental conditions, limited information exists for collar 
performance in actual grazing conditions.  Dynamic tests have shown horizontal errors that 
were significantly less than the static evaluations in two of the five tests; while in the 
remaining three tests, horizontal accuracy errors were comparable to those of static 
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assessments (Agouridis et al., 2004b).  Moen et al. (1997) discovered GPS units in telemetry 
collars are accurate within 40 and 5 m of an animal‟s true location in uncorrected and 
differential mode, respectively.  Coordinates differentially corrected were accurate within 7 
and 8 m for 95% of the time in static tests conducted by Bailey and Jensen (2008a) and 
Turner et al. (2000).  Consistent with Agouridis et al. (2004b), Ganskopp and Johnson (2007) 
found GPS error for immobile collars generated 1.7 ± 0.7 and 3.9 ± 0.8 m (SE) of perceived 
travel for differentially corrected and uncorrected data, supporting GPS manufacturers‟ 
publications.  With expected errors of less than four meters on a normal basis, GPS collars 
are an appropriate and feasible method to evaluate livestock grazing behavior as they can 
precisely track animals in all weather conditions throughout the year (Moen et al., 1997). On 
average, GPS collars are accurate within 5 m of the true location of the grazing animals 
(Agouridis et al., 2004b; Ganskopp and Johnson, 2007). GPS collars may be used to evaluate 
the distribution of livestock and timing in sensitive areas, such as within riparian areas, 
stream banks, and directly in surface waters. Agouridis et al. (2005b) concluded that cattle 
spent about 9% of their time within 5 meters of a stream, although this research was 
conducted on pastures that were 2 to 3 ha in size. 
Because battery life is the primary limiting factor of GPS in field studies, the 
optimum duration of monitoring and frequency of observations must be regulated to provide 
the most accurate method of monitoring animal distribution.  Davis et al. (2010) measured 
GPS cattle locations in intervals every 20 seconds compared to 20 minutes and found by 
increasing the sampling interval, significant errors (44%) occurred under predicting the daily 
traveled distance (DTD) from GPS monitoring.  An increased DTD error under-predicting 
true distance traveled can be expected as sampling interval increases to save battery power 
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and time handling cattle.  However, because of the increased energy required at 20 second 
intervals, a 6V battery was used within four days.  In contrast, as the sampling interval 
increases, the longevity of the battery life is extended.  Consequently, the total duration and 
frequency of observations required for the most accurate measure of livestock distribution 
must be decided by the user. (Pépin et al., 2004). 
HEAT STRESS 
Physiological effects of heat stress 
Effects of cold and heat stress have been reviewed by Bianca (1965), Webster (1976), 
Yousef (1981), Silanikove (2000), and Nienaber and Hahn (2007).  Heat stress management 
for livestock has also been reviewed (Sanchez et al., 1994; Nienaber et al., 1999; Silanikove, 
2000; Blackshaw and Blackshaw, 1994; Nienaber and Hahn, 2007). 
Heat stress is caused from abiotic or physical environmental factors including 
ambient air temperature, humidity, solar radiation, and wind velocity (Yousef, 1985; 
Armstrong, 1994; Silanikove, 2000).  Sharp changes in livestock response variables were 
noted at temperature extremes of 5 and 30°C (Nienaber et al., 1999).  Seath and Miller 
(1946) discovered that increasing air temperature from 22 to 30°C decreased the daily 
grazing time by about an hour.  Cattle water intake was significantly affected by water 
temperature, temperature humidity index, and stream accessibility during warm weather 
(Bicudo et al., 2003).  Brown-Brandl et al. (2003) found that heat stress more than doubled 
drinking behavior of feedlot steers suggesting that heat-stress cattle increase their 
consumption of water as a means to reduce physiological changes of increased environmental 
stress.   
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Water deprivation, nutritional imbalance, and nutritional deficiency may exacerbate 
heat stress effects on livestock (Silanikove, 2000).  In cold stress situations, reduction of heat 
loss is necessary, but during heat stress, a reduction in the heat load or increasing heat loss of 
the animal is imperative (Nienaber and Hahn, 2007).  Animals that are the most productive 
and/or have health problems are at the greatest risk for heat stress, which can negatively 
impact production (Fuquay, 1981; Nienaber and Hahn, 2007); as heat stress reduced feed 
intake by 30% in lactating dairy cows (Wheelock et al., 2010). Additional information of 
heat stress interactions of dairy cows have been reviewed by Sanchez et al. (1994).  
Heat stress adversely affects growth and reproductive traits and reduces disease 
resistance of animals within an environment.  Mature cattle attempt to regulate their core 
body temperature by shifting additional blood flow to peripheral tissues for cooling purposes 
(West, 2003), but to varying degrees across species (Marai et al., 2002).  When ambient 
temperature increase, means of non-evaporative cooling, such as convection, conduction, and 
radiation become less effective for an animal, thus forcing animals to rely on evaporative 
forms of cooling, such as increased sweating and panting (Huhnke et al., 2001; West, 2003).  
Effectiveness of evaporative cooling of livestock is limited by relative humidity greater than 
50 to 55 % (Berman, 2009).  This result is supported by Scharf et al. (2008), who concluded 
that thermal inputs other than skin and rectal temperature drive the sweat response in cattle.  
Increased respiration rates were documented at the stress threshold of 21°C of livestock 
(Hahn, 1999). Cattle rectal temperatures and respiration rates were increased during 3- and 
24-h experimental exposures of 25 to 40°C (Robinson et al., 1986).  Factors found to have 
the greatest influence on increased panting scores of livestock, indicative of animals 
experiencing heat stress effects in Midwestern feedlots, were mean daily wind speed (m/s), 
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black globe temperature at a time of 1500 h, minimum nighttime wind speed (m/s), nighttime 
black globe temperature humidity index, and daily relative humidity (Mader et al., 2006). In 
addition to the physiological effects of heat on mature cows, hot environmental conditions 
reduced the calf‟s ability to absorb immunoglobulins, thereby, reducing the effectiveness of 
the immune system and increasing mortality of calves (Stott et al., 1976). 
Feed intake, feed efficiency and utilization, and hormonal secretions are depressed 
during heat stress resulting in disturbances in water, protein, and energy metabolism (Marai 
et al., 2002) and increase the quantity of water consumed by livestock (Sanchez et al., 1994).  
Greater energy is required and expended by cattle outside the thermoneutral zone, decreasing 
energy available for production (Yousef, 1985; Sprinkle et al., 2000).  Because of increased 
metabolic heat production and accumulation from the environment, combined with the 
animals‟ previously compromised cooling capability from the additional heat load, body 
temperature increases and dry matter intake decreases (Sprinkle et al., 2000; West, 2003).  
Decreased levels of feed intake occurred at heat loads of 25°C (Hahn, 1999).  Physiological 
stress associated with excessive heat load cause changes in the rumen acid levels (Weldy et 
al., 1964), blood chemistry (Kibler and Brody, 1950; Sanchez et al., 1994; West, 2003), and 
hormone secretion (Curtis, 1983; Sanchez et al., 1994). Heifers exposed to high temperatures 
for six two-week periods of 70 and 90°F had lowered total volatile fatty acid (VFA) 
concentrations with lower acetic acid concentrations.  These VFA concentrations impacted 
dry matter intake, water intake, and blood glucose and ketone levels (Weldy et al., 1964).  
Blood pH and bicarbonate levels followed daily variations of rectal temperature and 
respiratory rates of cows maintained at different ambient temperatures in environmental 
chambers (Schneider et al., 1988).  Heat-stressed bull calves had decreased basal circulating 
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glucose concentrations and tended to have increased plasma insulin concentrations compared 
to their pair-fed counterparts.  In addition, heat stress altered post-absorptive carbohydrate 
metabolism, as characterized by increased basal insulin concentrations (O‟Brien et al., 2010). 
Production and reproduction of livestock are indices of stress effects within their 
environment (Stott, 1981).  During high environmental temperatures, production and 
reproduction efficiency are compromised (Bond et al., 1958; Vincent, 1972; Thatcher, 1974; 
Fuquay, 1981) as animals try to maintain a neutral or constant thermal internal environment 
(Folk, 1974).  Animals‟ energy requirements are considerably higher under thermal stress 
compared to a thermoneutral balance (McDowell, 1969).  Sprinkle et al. (2000) concluded 
that energy intake (kcal ME intake·kg
-0.75
·d
-1
) demands are greater within a hot environment.  
As Temperature Humidity Index (THI), a measure of heat stress increased from 68 to 78, 
milk production and DMI decreased by 21 and 9.6 %, respectively (Bouraoui et al., 2002), 
which decreased the metabolic heat imbalance (Yousef, 1985b). Consequently, heat stress 
alters milk yield in cattle (Sharma et al., 1988; Armstrong, 1994; Barash et al., 2001; Kadzere 
et al., 2002; Bohmanova et al., 2007; Rhoads et al., 2009).  Factors influencing heat stress in 
lactating dairy cows not only affect milk production, but also energy balance and water, 
sodium, potassium, and chlorine metabolism.  These changes in water and electrolytes are 
caused by sweating to dissipate excess body heat (Jenkinson and Mabon, 1973; Kadzere et 
al., 2002). 
Reproductive failure in dairy cows during hot weather was related to changes in the 
hormones, progesterone and estradiol (Scott and Wiersma, 1973; Wilson et al., 1998; Burke 
et al., 2001).  Changes in prolactin, growth hormone, thyroxine, glucocorticoids, and 
aldosterone levels also occur during thermal stress (Beede and Collier, 1986).  Additionally, 
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during periods of heat stress, the distribution of blood flow is impaired (Wolfenson et al., 
2000).  Uterine and umbilical blood flow was reduced by 51 and 30% in heat-stressed beef 
cattle (Reynolds et al., 1985).  Reduced blood flow can, in turn, reduce fetal development as 
lambs born to heat-stressed ewes were 20% smaller than their counterparts (Drieling and 
Carman, 1991).  Marai et al., (2002) found heat-stressed female rabbits had decreased 
conception rates, litter size, weights, and milk production.  Heat-stressed male rabbits 
exhibited lower testosterone concentrations and ejaculated volumes with lower 
concentrations, total numbers and mobility of spermatozoa.  In addition, temporary sterility 
was experienced by male rabbits (Marai et al., 2002). Negative associations of -3.79 and -
2.06% pregnancy rates during the first 21 days of the breeding season were found for each 
unit change in temperature and THI, suggesting a reduction in pregnancy rate of grazing 
cows bred during the summer breeding period (Amundson et al., 2006). 
Factors affecting heat stress 
Beede and Collier (1986) identified three management strategies to reduce thermal 
stress effects: physically modifying the environment, selecting breeds less sensitive to heat, 
and nutritional management.  Heat stress effects are largely related to by the breed of cattle, 
such as Bos taurus compared to Bos indicus (Rhoad, 1938; Bennett et al., 1985; Finch, 1986; 
Blackshaw and Blackshaw, 1994; Sprinkle et al., 2000; Beatty et al., 2006; Gaughan et al., 
2009).  Additionally, heat stress is increased from solar radiation on the coat color of cattle 
(Rhoad, 1940) and goats (Bianca and Kunz, 1978); as light colored coats had greater solar 
reflectivity compared to black or other dark haired coats.  Research conducted by Sprinkle et 
al. (2000) discovered breed (Brahman x Angus, Tuli x Angus, and Angus) and time of year 
(early and late summer) resulted in differences for digesta kinetics, energy intake, and 
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grazing behavior.  During early and late summer, lactating cows had greater gastrointestinal 
tract loads compared to nonlactating cows, but passage rates were not different.  No energy 
intake differences were observed in early summer, but during late summer, energy intake was 
greater for Angus cows compared to Brahman x Angus and Tuli x Angus.  Angus cattle 
appear to have increased energy demands in hotter environments than Brahman x Angus and 
Tuli x Angus (Sprinkle et al., 2000).  Brown-Brandl et al. (2003) conducted a Nebraska 
feedlot study, evaluating heat stress effects by genotype differences of Angus, MARC III 
(composite of Pizgauer, Red Poll, Hereford, and Angus), Gelbvieh, and Charolais for 
respiration rate, panting score, and hair surface temperature.  Darker-colored genotypes of 
Angus and MARC III cattle had significantly higher respiration rates, panting scores, and 
skin surface temperatures compared to the lighter-colored breeds of Gelbvieh and Charolais 
with the greatest differences observed in the afternoon.  These results are consistent with 
those of Hungerford et al. (2000) and Mader et al. (2001) that evaluated a 1999 heat wave 
event in Nebraska feedlots and discovered black-colored cattle were at 5.7 times more risk 
than their counterparts for experiencing heat stress.  Therefore, it would be assumed that 
black-haired cattle would experience heat stress effects to a greater degree at the same solar 
radiation level compared to red or white-haired cattle breeds.  However, Kabuga and Appiah 
(1992) suggested previous handling and environmental conditions also influence behavioral 
responses, in addition to differences of livestock breeds. 
Temperature and Humidity Indices 
Temperature humidity index (THI) has been used as the basis for describing heat 
stress conditions associated with livestock exposed to extreme environmental conditions 
(Thor, 1959). Temperature humidity index was positively correlated (r = 0.89, 0.88, 0.85, and 
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0.31) to effects experienced by livestock for respiration rate, heart rate, rectal temperature, 
and cortisol, respectively (Bouraoui et al., 2002). Indices with a greater emphasis on 
humidity are best in humid climates, whereas indices with a weighted emphasis on 
temperature are best predictors in semiarid climates of heat stress (Bohmanova et al., 2007).  
Dry bulb temperature was similar to THI in predicting rectal temperature of lactating 
Holsteins in a subtropical environment (Dikmen and Hansen, 2009).  Air velocity increased 
and humidity decreased threshold temperatures tolerated by dairy cows, especially with 
heavier hair coats (Berman, 2005). Consequently, the importance of air movement and 
velocity to provide relief from heat stress for livestock became more crucial at high humidity 
levels (Berman, 2005). 
 Single climatic measurements are more direct measures of basic environmental 
variables, but heat indices integrate environmental and physiological variables (Table 1; 
Epstein and Moran, 2006).  Temperature Humidity Index (THI) is used as an indicator of 
local climatic conditions and heat loading effects on cattle (Meat and Livestock Australia, 
2002). However, THI does not take into account effects of solar radiation from the sun or 
wind speed on the animals‟ heat load balance.  Therefore, Black Globe Temperature 
Humidity Index (BGTHI) or Heat Load Index (HLI) use a combination of factors including 
black globe temperature, relative humidity and wind speed in the calculation of a value to 
assess the environmental heat load placed on cattle (Meat and Livestock Australia, 2002; 
Gaughan and Castañeda, 2003; Mader et al., 2006; Gaughan et al., 2008). 
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Table 1.  Heat indices of climatic factors used to evaluate head stress in feedlot cattle.  
Heat Index Heat Load Index (HLI) Formula 
Ambient temperature AT = °C 
Black globe temperature BGT = °C 
Wind speed WS = m/s 
Effective temperature Yamamoto, 1994 ET = (0.24·DBT) + (0.76·BGT) 
THI Buffington, 1981  THI = (AT) + (0.36·DP) + 41.5 
BGTHI Buffington, 1981 BGTHI = (BGT) + (0.36·DP) + 41.5 
THI Yousef, 1985a THI = (AT) + (0.36·DP) + 41.2 
BGTHI Yousef, 1985a*
(mod)
 BGTHI = (BGT) + (0.36·DP) + 41.2 
THI Mader, 2006 THI = (0.8·AT) + ((RH/100)·(AT-14.4)) + 
46.4 
BGTHI Mader, 2006 BGTHI = (0.8·BGT) + ((RH/100)·(BGT-
14.4)) + 46.4 
HLI Meat and Livestock Australia, 2002  HLI = 32.5 + (0.09·RH) + (1.4·BGT) - 
(0.57·WS[km/h]) 
HLI Castañeda, 2003 HLI = 34.1 + (0.26·(RH/100)) + 
(1.33·BGT) - (0.82·WS[m/s])
0.1 
-
Log(0.4·(0.0001+WS[m/s]
2
)) 
HLI Gaughan, 2008 HLI BGT<25 = 10.66 + (0.28·(RH/100)) + 
(1.3·BGT) - WS[m/s] 
 HLI  BGT>25 = 8.62 + (0.38·(RH/100)) + 
(1.55·BGT) - (0.5·WS [m/s])+ (e
2.4−WS[m/s]
) 
AT = ambient temperature (°C) 
BGT = black globe temperature (°C) 
BGTHI = black globe temperature humidity index 
DP = dew point 
DBT = dry bulb temperature (°C) 
e = the base of the natural logarithm (approximate value of e = 2.71828) 
ET = effective temperature 
HLI = heat load index 
RH = relative humidity 
THI = temperature humidity index 
WS = wind speed 
Botanical composition  
 Often heat stress effects experienced by animals are compounded by grazing certain 
forage species, as is the case when livestock have access to varieties of tall fescue, reed 
canarygrass, ryegrasses, along with some other small grain grasses (Fletcher and Harvey, 
1981; Hemken et al., 1984; Clay, 1990a; Porter, 1995; Panaccione et al., 2001; Dingle and 
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Mcgee, 2003; Gadberry et al., 2003).  These forage varieties contain a fungus that aids and 
protects the plant against environmental stressors such as periods of droughts or extreme 
cold, disease, insects, and nematodes (Hinton and Bacon, 1985; Bacon, 1995; Schardl and 
Phillips, 1997; Panaccione et al., 2001; Mei and Flinn, 2010; Gao et al., 2010).  In return, the 
plant provides nutrients, shelter, and a means of propagation through seeds; necessary for the 
fungus to survive (Clay, 1990b; Latch, 1997; Saikkonen et al., 1998).  Despite this symbiotic 
relationship, the fungus in plants has adverse effects on production, reproduction, and health 
of the grazing animal (Hemken et al., 1984; Porter and Thompson, 1992; Schmidt and 
Osborn, 1993; Thompson and Stuedemann, 1993; Paterson et al., 1994). 
Tall fescue (Festuca arundinacea Schreb.), or endophyte-infected tall fescue (Lolium 
arundinaceum or Acremonium coenophialum), is a hardy, cool-season perennial grass that is 
adapted to a variety of soils and climates.  It is the predominant forage species of the 
Midwest and Southeastern United States (Steen et al., 1979; Pedulum et al., 1980; Jackson et 
al., 1984). Extensive historical reviews on tall fescue may be found by Buckner and Bush 
(1979), Bacon (1995), and Hoveland (1997).  Over 90% of the tall fescue in pastures are 
infected and contain a fungus that is toxic to grazing animals, located within the leaf sheath 
and not within the blade (Bacon et al., 1986; Bacon and Siegel, 1988; Glenn et al., 1996).  
This fungus cannot be detected by visual means, but must be evaluated by histochemical 
techniques (Clark et al., 1983; Porter, 1995), PCR-based techniques (Porter, 1995; Doss et 
al., 1998; Panaccione et al., 2001), or by performing an enzyme assay (Hiatt et al., 1999; 
Franklin et al., 2009). Elevated body temperatures and respiration rates with endophyte-
infected tall fescue are most evident and severe when livestock are under heat and humidity 
stress, such as late spring or summer periods (Hemken et al., 1981; Spiers et al., 1995; 
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Sprinkle et al., 2000; Al-Haidary et al., 2001; Gadberry et al., 2003) with lameness and 
gangrene problems most prevalent during cold weather (Jacobson et al., 1963).  Endophyte-
infected tall fescue is planted on 25 to 40 million acres, or 10 to 16 million hectares (Hemken 
et al., 1984) of pasture and hay ground and results in annual production losses from fescue-
associated disease conditions conservatively estimated to exceed $600 million in the United 
States (Hoveland, 1993; Oliver, 2005). 
The endophyte (Neotyphodium coenophialum) within the plant produces numerous 
ergot alkaloids (Yates et al., 1985).  Concentrations of ergovaline or lysergamide increase in 
tall fescue during spring and early autumn seasons (Belesky et al., 1998).  These alkaloids are 
suggested to be the primary toxic agent present in tall fescue (Porter et al., 1979; Porter et al., 
1981; Yates et al., 1985; Lyons et al., 1986; Belesky et al., 1988; Browning, Jr. and Leite-
Browning, 1997) and cause animal production concerns, such as decreased reproductive 
efficiency of lowered pregnancy rates, delayed puberty, decreased weight gains; decreased 
milk production; retained hair coats; and hyperthermia in heat-stressed animals due to 
peripheral vasoconstriction to the outer extremities (Carr and Jacobson, 1969; Buckner et al., 
1979; Hemken et al., 1984; Bacon et al., 1986; Osborn et al., 1992; Porter and 
Thompson,1992; Stuedemann and Thompson, 1993; Porter, 1992; Bacon, 1995; Paterson et 
al.,1995; Porter, 1995; Bacon and Hill, 1997; Roberts et al., 2005; De Lorme et al., 2007).  
These adverse effects may occur within four hours of consuming endophyte-infected tall 
fescue (Aiken et al., 2007). 
The most severe production impact of endophyte-infected tall fescue is seen when 
animals of breeding age fail to become pregnant or remain pregnant (Smith et al., 1975; Gay 
et al., 1988; Short et al., 1990; Porter and Thompson, 1992) or are unable to inseminate other 
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animals (Looper et al., 2009).  Berde and Schild (1978) discovered that the ergot alkaloids 
present in grazed forage inhibited embryonic implantation and resulted in embryotoxic 
effects.  Heifers  raised on low-endophyte fescue pastures, which ranged from 0 to 5% of 
plants infected, conceived at a rate of 96% compared to a 55% conception rate of heifers 
raised on fescue pastures with 80 to 90% of the  plants infected (Schmidt et al., 1986).  
Similarly, Boling (1985) conducted a study of calving rates of cows grazing low or high 
endophyte-infected fescue and discovered a significant difference of 86 and 67%, 
respectively in calving rates.  Therefore, for every 10% increase in fungal infection of the tall 
fescue, conception rates were reduced 3.5% (Schmidt et al., 1986).  Ergot alkaloid, 
ergovaline, may also delay the onset of puberty in heifers. Looper et al. (2009) discovered 
semen from bulls grazing endophyte-infected tall fescue had decreased sperm motility and 
morphology compared to bulls grazing novel endophyte-infected tall fescue.  Consequently, 
semen characteristics may be compromised as a result of grazing endophyte-infected tall 
fescue, resulting in a decreased pregnancy rate in females caused by the bulls and not the 
cows. Furthermore, the endophyte induces other reproduction issues such as prolonged 
gestation; thickened placentas; large, weak foals; dystocia; and agalactia in pregnant mares 
(Heimann et al., 1981; Porter and Thompson, Jr., 1992).  
 Adverse production effects experienced by grazing endophyte-infected tall fescue 
pastures are evident by a reduction in other forms of animal productivity (Bacon et al., 1977; 
Hemken et al., 1981; Hoveland et al., 1983; Studemann and Hoveland, 1988; Thompson and 
Porter, 1990; Osborn et al., 1992), as evidenced by decreased body weight of cows (Seath et 
al., 1956; Smith et al., 1974; Strahan et al., 1987; Gay et al., 1988; Peters et al., 1992) and 
calves (Smith et al., 1975; Ashley et al., 1987; Gay et al., 1988), grazing endophyte-infected 
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tall fescue especially during increased environmental temperatures.  Decreased bodyweights 
and/or gains are a result of decreased forage intake and digestibility (Hemken et al., 1981; 
Aldrich, 1991; Aldrich et al., 1993) or decreased ruminal fiber digestion because of increased 
ruminal fluid dilution and outflow rate (Hannah et al., 1990).     
Decreased milk production has been associated with endophyte-infected tall fescue 
(Pratt and Haynes, 1950; Seath et al., 1956; Schmidt et al., 1984; Schmidt et al., 1986). 
Hurley et al. (1981) first associated suppressed prolactin levels with the endophyte present in 
tall fescue, and discovered increases in prolactin levels were inhibited by this alkaloid.  
Secretion of prolactin is necessary for lactogenesis and mammogenesis in cattle (Karg and 
Schams, 1974).  Hurley et al. (1981) discovered that Holstein calves fed endophyte-infected 
grass had lowered serum plasma concentrations of prolactin than calves fed less toxic fescue 
grass. Similarly, ewes grazing endophyte-infected tall fescue were found to have lowered 
serum plasma concentrations of prolactin, but not growth hormone or thyroid-stimulating 
hormone than ewes grazing orchardgrass (Elsasser and Bolt, 1987).  Consequently, the toxin 
effects possibly act through the dopaminergic mechanism to block secretion of prolactin 
within the body, but does not affect growth hormone-stimulating hormone or thyroid-
stimulating hormone (Elsasser and Bolt, 1987).  These findings were also confirmed as 
endophyte toxins reduced prolactin secretions and altered dopaminergic neuron activity in 
steers (Schillo et al., 1988) and heifers (Aiken et al., 2007).  
Animals present in tall fescue pastures often retain hair coats that can result in an 
increase in environmental stress (Stuedemann and Hoveland, 1988; Peters et al., 1992).  
These heavy hair coats aid in an increased respiration rates, elevated rectal temperatures, and 
hyperthermia of the animal during periods of extreme temperature and humidity (Hemken et 
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al., 1981; Spears et al., 1995). In addition, ergopeptide or lysergamide alkaloids within the 
plant can cause the most problematic form of heat stress by severe vasoconstriction of the 
peripheral tissues (Berde and Schild, 1978; Rhodes et al., 1991; Oliver et al., 1993; Al-
Haidary et al., 2001; Strickland et al., 2009).  Vasoconstriction is a decreased size of arteries 
and veins which reduce the peripheral blood flow of the animal (Walls and Jacobson, 1970; 
Gardner and Cornell, 1978; Hammond et al., 1982; Aiken et al., 2007).  Ergovaline has been 
shown to contract bovine uterine and umbilical arteries, which demonstrates the strong 
affinity ergovaline has for tissue receptors (Dyer, 1993).  The reduced peripheral flow also 
inhibits the ability to assist with cooling effects of blood flow to the outer extremities such as 
the tail, hooves, and ears (Rhodes et al., 1991; Aiken et al., 2007).    The result of the 
decreased peripheral blood flow is increased core body temperatures (Al-Haidary et al., 
2001), increased respiration rates, increased metabolic heat production and skin temperature 
(Carr and Jacobson, 1969), and gangrene in the outer extremities of livestock (Osborn et al., 
1992; Thompson and Stuedemann, 1993).  Restricted blood flow to the coronary band of the 
hooves results in necrosis or sloughing of the tissue during periods of colder environmental 
temperatures.  Gangrenous necrosis also causes a loss of other extremities such as the tips of 
ears and the end of the tail (Osborn et al., 1992; Thompson and Stuedemann, 1993).  
Reduced blood flow effects may be abated within eight days upon removal of the endophyte-
infected tall fescue from the animal‟s diet (Rhodes et al., 1991).   
If cattle are not allowed access to other forages or consumption of the toxin cannot be 
reduced, cattle have to seek other methods of heat reduction or ways to reduce hyperthermia 
effects within pastures like standing directly in surface waters (Schmidt and Osborn, 1993).  
As a result of hyperthermia, cattle often seek shade and stand in areas where shade and water 
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are available to reduce the effects of heat stress (Studemann et al., 1975; Daly, 1984; 
Hemken et al., 1984; Robertshaw, 1985; Hart et al., 1993; Schmidt and Osborn, 1993; 
Blackshaw and Blackshaw, 1994; Porath et al., 2002; Karki and Goodman, 2010).  
Consequently, pasture management strategies must be implemented to limit or alleviate 
effects of endophyte-infected tall fescue on animal production, reproduction, and health of 
the grazing animal as well as to protect water quality (Schmidt and Osburn, 1993).  Strategies 
that may be implemented include interseeding legumes into fescue pastures to dilute toxin 
levels (Roberts and Andrae, 2004), reseeding pastures with nontoxic-tall fescue (Parish et al., 
2003), maintaining high grazing pressure to prevent the forages from producing seeds (Bacon 
et al., 1986; Bransby et al., 1988), and/or removing livestock from endophyte-infected tall 
fescue pastures during elevated ambient temperatures (Peters et al., 1992; Roberts and 
Andrae, 2004; Watts, 2010).  Interseeding pastures with legumes have increased weight gains 
in steers (McMurphy et al., 1990; Chestnut et al., 1991; Lomas et al., 1999), and cow-calf 
pairs (Stricker et al., 1979; Hill et al., 1979; Ellis et al., 1983), and increased pregnancy rates 
in cows (Gay et al., 1988; Waller et al., 1989). Barker (2005) and Coblentz et al. (2006) 
suggested seeding endophyte-free or nontoxic-endophyte tall fescue or orchardgrass into 
pastures to alleviate the toxic effects experienced by the grazing animal.  However, this 
strategy may only be a short-term solution as many pastures may become contaminated by 
the previous residue of endophyte-infected tall fescue cultivars (Barker et al., 2005; Coblentz 
et al., 2006).  By continuing to maintain grazing pressure on endophyte-infected tall fescue, 
the plant is not able to enter the reproductive phase.  By limiting the plant from seeding, 
spreading of endophyte infection can be reduced as the fescue seed is the only demonstrated 
means that the parasite is dispersed (Bacon et al., 1986). Lastly, animals may be removed 
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from the endophyte-infected pastures during high ambient temperatures and placed in 
additional pasture unaffected by endophyte or having different forage species (Peters et al., 
1992; Roberts and Andrae, 2004; Watts, 2010). 
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ABSTRACT 
Because congregation of cattle near streams or ponds may result in nonpoint source (NPS) 
pollution of these water resources, the relationships of the physical characteristics, shade 
distribution, and tall fescue prevalence in cool-season grass pastures to the temporal\spatial 
distribution of grazing cattle were evaluated in two studies on beef cow-calf farms.  Global 
Positioning System (GPS) collars recorded the location of 2 to 3 cows per pasture at 10 min 
intervals for 5 to 14 d in the spring, summer, and fall of each year.  Pasture botanical 
composition was visually assessed annually.  In Study 1, cow location was recorded on five 
pastures ranging in size from 13 to 125 ha with 1.3 to 2.7% of the pasture area in a stream or 
pond (Water Source) and 3 to 30% of the pasture area within 30.5 m of the Water Source 
(Waterside Zone) for 3 yr.  Shade covered 27 to 73% of the pasture area with 3 to 64% of 
shade located within Waterside Zone.  In the second study, cow location was recorded in 
three pastures with areas of 8, 10, and 15 ha with 17.8, 43.4, and 14.7% of the total area and 
28, 73, and 68% of the total shade in the Waterside Zone for one year.  In Study 1, 
proportions of cow observations within the Waterside Zone increased with decreasing 
pasture area (r
2
 = 0.61) and increasing proportions of the total pasture area (r
2
 = 0.37) and 
shade (r
2
 = 0.29) within the Waterside Zone. In Study 2, proportion of cow observations in 
the Waterside Zone increased as the proportion of total area (r
2
 = 0.62) and shade (r
2
 = 0.42) 
in the Waterside Zone increased. Results infer implementing more restrictive management 
practices to minimize NPS pollution of pasture streams will be most effective on small or 
narrow pastures. 
Key words: beef cows, grazing, GPS pasture size, shade, water quality  
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INTRODUCTION 
Much of the heat gained by cattle from the environment during daylight hours occurs 
by solar radiation (Fuquay, 1981).  Therefore, providing shade reduces the deleterious effects 
of heat stress on cattle (Tucker et al., 2008).  Because both shade and water are present in 
pasture riparian areas, grazing cattle congregate near pasture streams to maintain 
thermoregulation (Kauffman and Krueger 1984; Bailey 2005; Franklin et al. 2009).  Because 
distribution of cattle and nutrient excretions are related (Tate et al. 2003), congregation of 
cattle will increase concentrations of fecal nutrients and pathogens near shade and water 
resources (White et al. 2001; Ballard and Krueger 2005).  Research on western rangelands 
implies that overutilization of pasture riparian areas by livestock negatively impacts riparian 
ecosystems (Kauffman and Krueger 1984; DelCurto et al. 2005; Ganskopp and Bohnert 
2009) and surface water quality (Belsky et al. 1999).  Because the impairment of 
thermoregulation in grazing cattle is exacerbated by increased environmental temperatures 
(Zuo and Miller-Goodman 2004) and endophyte-infected tall fescue (Al-Hairdary et al. 2001) 
common to the humid eastern U.S., risks of sediment, nutrient, and pathogen loading of 
water resources may be elevated in this region. 
Relationships have been established between distribution of grazing livestock and 
pasture characteristics such as size and shape (Bryant 1982; Hart et al. 1993; Sevi et al. 
2001), shade distribution (McIlvin and Shoop 1971; Blackshaw and Blackshaw 1994), and 
botanical composition (Bailey et al. 1996; Ganskopp and Bohnert 2009) on western 
rangelands.  But because rangeland pastures tend to be larger, more heterogeneous in 
botanical composition and terrain (Bailey 2005; Bailey et al. 2008; Ganskopp and Bohnert 
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2009) and contain less tall fescues than Midwestern pastures (DelCurto et al. 1999; McInnis 
and McIver 2001), it is unclear whether these relationships apply to Midwestern pastures. 
Therefore, objectives of this project were to evaluate the effects of pasture physical 
characteristics, shade distribution, and tall fescue prevalence in relation to climatic factors on 
the temporal\spatial distribution of grazing cattle in Midwestern pastures. These objectives 
were addressed through two studies to provide site-specific information in Midwestern 
pastures to assist producers with management decisions to further minimize grazing cattle‟s 
impact on water quality. 
 
MATERIALS AND METHODS 
Site Description 
Study 1.  Five pastures in the Rathbun Lake watershed in southern Iowa on 
cooperating beef cow-calf operations were identified as appropriate for the project in the fall 
of 2006.  Sites selected for the project were based on the producer‟s willingness and ability to 
handle cattle for attaching and detaching GPS collars two times during the spring, summer, 
and fall grazing seasons over 3 yr (2007-2009) and whose cattle grazed a pasture containing 
a perennial flowing stream or pond in which cattle had uncontrolled access.  However, only 
four of original five pastures were used during the 2009 grazing season, as Farm A was 
subdivided and used as described in study 2. Pastures ranged in size from 13.5 to 125.2 ha 
(Table 3.1).  The landscape within the Rathbun Lake watershed is characterized by rolling 
uplands, integrated drainage, and some occasional broad alluvial plains limiting uses as soils 
are moderately and highly erosive, root-restricted, excessively wet, and low in fertility 
(RLWA, 2001).  Major soil types within the pastures of the study included Adair, Caleb, 
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Clarinda, Colo, Gara, Kniffin, Lawson-Nodaway, Olmitz-Vesseler-Colo, and Seymour with 
slopes ranging from 0 to 30% (NRCS Web Soil Survey).  Water sources in these pastures 
included both streams and ponds on Farms C and E, streams on Farms A and D, and ponds 
on Farm B. In analysis of aerial photos with a maximum resolution of 1 m using ArcGIS 9.2 
(ESRI, Redlands, CA), a 5 m buffer from the center of each stream or edge of each pond was 
designated as the area of the Water Source. Areas within 30.5 m and greater than 30.5 m 
from a Water Source were referred to as the Waterside Zone and Upland Zone, respectively.  
Total pasture shade area and the proportion of total shade in the Waterside Zone were 
determined from aerial photos using ArcGIS 9.2 (ESRI, Redlands, CA) software. The 
percentage of shade in the total pasture or Waterside Zone was determined by dividing the 
shaded area by the area in the total pasture or Waterside Zone, respectively.  Waterside 
shade, as a percentage of the total pasture shade, was determined by dividing the area of 
Waterside shade by the area of shade in the total pasture.  Waterside Zone comprised 2 to 
30% of the total pasture area and contained 3 to 64% of the pasture shade. 
Because of the limited number of producers willing to handle their cattle as 
frequently as required, there was considerable variability in cattle and pasture management.  
Cattle on Farm A consisted of multiparous fall-calving Angus cows (Bos taurus L.) during 
the spring grazing seasons, and spring-calving cows during the summer and fall grazing 
seasons.  Spring-calving heifers were used during the fall of 2007, because mature cows were 
unavailable.  Farm D used multiparous fall-calving Angus cows during spring of 2007 and 
2008 and multiparous spring-calving cows during spring 2009.  During summer of 2007 and 
2009 and fall of 2007, 2008, and 2009, multiparous spring-calving cows were used on Farm 
D.  Cows used during the spring, summer, and fall grazing seasons of 2007 through 2009 
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were spring-calving, multiparous Angus, Angus-cross, and Mexican Corriente cows on 
Farms B, C, and E, respectively.  Cows were rotationally stocked from March through 
November at 0.6, 0.7, and 1.5 cows∙ha-1 on Farms A, C, and E, while cows were continuously 
stocked from March through November at 0.5 and 1.9 cows∙ha-1 on Farms B and D, 
respectively, during the 3 yr grazing trial.    
Study 2.  In 2009, an additional study was conducted to evaluate the effects of shade 
distribution in pastures of more comparable sizes on cattle distribution.  Part of the pasture on 
Farm A was divided into three pastures with sizes of 8.0, 9.9, and 15.1 ha (Table 3.1 and 
Figure 3.1). The Waterside Zone comprised 17.8, 43.4, and 14.7% of the total pasture area 
and contained 28.2, 72.6, and 67.6% of the pasture shade, respectively.  Mature fall-calving 
Angus cows were rotationally stocked during spring and summer and mature spring-calving 
cows were rotationally stocked during the fall with uncontrolled access to the streams at 1.0, 
1.9, and 1.5 cows∙ha-1, respectively. 
Cattle Distribution 
Because of the need to synchronize the timing of attachment and detachment of the GPS 
collars with each cooperating producer‟s management schedule, GPS measurements were not 
conducted simultaneously on all farms. Instead, measurements among farms were grouped 
into the spring, summer, or fall season.  Spring was defined as March 1 to June 30 of each 
year.  Summer was defined as July 1 to the day prior to the first day of autumn of every year 
(September 23, September 22, and September 22 in 2007, 2008, and 2009, respectively).  
Fall was defined as the first day of autumn to the end of November of each year.  In each 
season of both studies, 2 to 3 cows on each farm were randomly selected from the herd and 
fitted with custom prototype GPS collars (Ames Laboratory‟s Engineering Services Group 
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(ESG), Ames, IA) with LEA-4S receivers (U-Blox AG, Switzerland) that recorded cattle 
locations at 10 min intervals 24 hr·d
-1 
for periods of 5 to 14 d.  The GPS collars weighed 
approximately 1.65 kg, less than 0.3% of a cow‟s bodyweight.  Custom prototype collar 
accuracies have been previously reported by Schwarte et al. (2010).  If collars stopped 
recording cattle locations prior to four complete days, the data set was not analyzed.  Four 
days of data collection was an arbitrary number selected to allow adequate time for cattle to 
adjust to the collar and, if necessary, pasture.  Out of 156 fitted collars, 139 deployed (89.1% 
success) and 17 failed to launch or collect data for more than 4 d (10.9% failure). Twenty-
four (17.3%) , 24 (17.3%), and 91 (65.5%) of 139 collars collected data sets from 5 to 9 d, 10 
to 13 d, and 14 d, respectively.  Battery power and equipment malfunctions were the major 
factors limiting a portion of the collars from collecting full data sets. 
Collars were placed on two cows on Farm D during spring 2007, but both collars 
malfunctioned and did not collect data.  During fall 2007, bred heifers were improperly fitted 
with collars on Farm A and two of the three collars were lost in the 125 ha pasture.  During 
summer 2008, collars were not placed on cattle from Farm D as flooding removed pasture 
fences.  For determination of temporal\spatial distribution of the cattle, position coordinates 
of each GPS measurement were located on aerial maps using ArcGIS 9.2 software (ESRI, 
Redlands, CA) and categorized as being located in the Water Source, Waterside Zone, or 
Upland Zone.  The proportion of GPS observations within each zone was determined by the 
number of observations in each zone divided by the total number of GPS observations during 
the deployment of the collar.  The proportion of observations in each zone was averaged 
from all collared cows in a pasture to determine the proportion of time in each zone in each 
season. 
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Microclimatic Data 
A HOBO weather station (Onset Comp. Co., Bourne, MA), placed adjacent to the pastures 
on each of the five farms, recorded microclimate factors of ambient temperature (Temp), 
black globe temperature (BGTemp), dew point (DP), wind speed (WS) and direction, and 
relative humidity (RH) at 10 min intervals during the grazing seasons.  During summer 2008, 
three of the five weather stations were damaged by lightning and stopped recording data for 
approximately four weeks.  Therefore, the remaining two functioning weather stations in the 
closest proximity to the farms where cattle location was being determined at that time were 
used to replace missing data for the damaged weather stations.  Microclimate factors were 
used to calculate effective temperature (ET; Yamamoto 1994), temperature humidity indexes 
(THI; Buffington 1981; Yousef 1985; Mader et al. 2006), and black globe temperature 
humidity indexes (BGTHI; Buffington 1981; Mader et al. 2006; Meat and Livestock 
Australia 2002; Castañeda et al. 2003; Gaughan et al. 2008). 
Vegetative Composition and Cover  
In the spring of 2007, vegetative composition of each pasture in Study 1 was determined by 
dividing the three largest pastures (Farms A, B, C) into 100 x 100 m grids and the two 
smaller pastures (Farm D and E) into 50 x 50 m grids on aerial photos using ArcGIS 9.2 
software (ESRI, Redlands, CA).  The pastures in Study 2 were evaluated using the same 100 
x 100 m grid of the pasture on Farm A to maintain consistent evaluation of botanical 
composition from the two previous years.  In late spring of each year, vegetative species and 
bare ground were visually identified and sward height measured with a falling plate meter 
(4.8 kg·m
-2
; Hermann et al., 2002) in the center and at four equidistant locations from the 
center of each square of the grid in each pasture, as located by a handheld GPS receiver 
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(Garmin 72, Overland Park, KS). Observations of individual forage species within each grid 
were divided by the number of herbaceous species within each grid and proportions of each 
herbaceous species from all surveyed grids were summed and divided by the total number of 
vegetated sites to determine the total percentage of herbaceous species within each pasture.  
The proportion of sites with shrubs or bare ground was calculated as a proportion of sites 
with these characteristics and divided by the total number of sites surveyed over the entire 
pasture.  Due to the majority of cool-season grasses identified as tall fescue and reed 
canarygrass within the pastures, the remaining minimal proportions of cool-season grasses 
were combined and labeled as other cool-season grasses. 
As vegetative composition was being determined in 2009, vegetative tillers of each 
tall fescue plant were hand-plucked when identified in a grid within each pasture, placed in 
bags, and stored on ice for transport to the laboratory.  One hundred fresh tall fescue tillers 
from each farm were randomly selected and evaluated for the presence of the ergot alkaloid-
producing endophyte fungus (Neotyphodium coenophialum) by the procedure of Franklin et 
al. (2009).  Samples testing positive for the endophyte were divided by total samples tested to 
determine the percentage of infected samples within each pasture.    
Statistical Analysis 
Effects of farm and season on the proportion of GPS observations within the Water Source or 
Waterside Zone of pastures in Study 1 were analyzed using the MIXED procedure of SAS 
(SAS Inst. Inc., Cary, NC) with a model statement including farm and season and farm by 
season with a random effect of farm by season by year interaction using year as the replicate.  
Effects of pasture on the proportion of GPS observations within the Water Source or 
Waterside Zone of pastures in Study 2 were analyzed using the MIXED procedure of SAS 
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(SAS Inst. Inc., Cary, NC) with a model statement of pasture and season and a random effect 
of pasture by season using season as the replicate.  Differences in botanical composition of 
farm pastures in Study 1 were analyzed by the MIXED procedure of SAS with a model 
statement that included farm and year using year as the blocking factor and farm within year 
as the random effect.  Differences between means of farms or pastures with significant 
effects were determined by comparing the LSMeans using the PDIFF statement along with a 
Tukey adjustment.  Significance was determined at a level of P < 0.05 with a tendency 
expressed as 0.05 < P ≤ 0.10. 
The LOGISTIC procedure (SAS Inst. Inc., Cary, NC) was utilized to analyze the 
effects of Temp, BGTemp, ET, THI, and BGTHI on the probability of cattle being in the 
Waterside Zone in both studies.  Each GPS observation within the Waterside Zone was 
paired with each temperature or heat index and an odds ratio was calculated as the number of 
observations that a cow was within the Waterside Zone was divided by the total number of 
observations at that temperature or heat index unit.  The microclimatic variable that best 
predicted the presence of cattle within the Waterside Zones of each pasture was ambient 
temperature, as determined using Akaike‟s Information Criteria (AIC; data not shown).  
Therefore, ambient temperature was used to compare differences between pastures for the 
probabilities that cattle were within the Waterside Zone. 
To quantify the effects of pasture physical and botanical characteristics on the 
temporal\spatial distribution of grazing cattle in Study 1, regressions using the proportion of 
GPS measurements in the Water Source or Waterside Zones of pastures as dependent 
variables were calculated with independent variables of pasture size, proportion of Waterside 
Zone in each pasture, proportion of the total pasture shade located in the Waterside Zone, and 
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proportion of tall fescue in the herbaceous vegetation of pastures (SAS Inst. Inc., Cary, NC).  
To quantify the effects of pasture physical characteristics and shade distribution on the 
temporal\spatial distribution of grazing cattle in Study 2, regressions using the proportion of 
GPS measurements in the Water Source or Waterside Zones of pastures as dependent 
variables were calculated with independent variables of proportion of Waterside Zone in each 
pasture and the proportion of the total pasture shade located in the Waterside Zone (SAS Inst. 
Inc., Cary, NC).  In order to determine significant regression variables from the limited 
number of farms in the study, a Bonferroni adjustment was performed (0.05 divided by the 
number of regressions performed) to determine significant pasture characteristic effects. 
Significance was determined at a level of P < 0.0125 and P < 0.025 for Study 1 and 2, 
respectively. 
 
RESULTS AND DISCUSSION 
Study 1 (Factors Influencing Cattle Distribution) 
Cattle Distribution.  Cattle from all pastures spent a greater proportion of time (P < 
0.05) in the Water Source during the summer (1.77%) than either the spring (1.05%) or fall 
(1.03%) seasons (data not shown).  However, season did not affect (P > 0.10) the proportion 
of time that cattle were in the Waterside Zone.  The proportion of time that cattle spent in the 
Water Source did not differ (P > 0.10) among farms, averaging 1.51% of the observations.  
Cows on Farms D and E spent a greater percentage of time (P < 0.05) in the Waterside Zone 
compared to cows on Farms A and C, which spent a greater proportion of time in the 
Waterside Zone than cows on Farm B.  The differences in the probabilities of being within 
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the Waterside Zone among farms occurred across the range of ambient temperatures that 
occurred during the study (Figure 2). 
The proportions of time that cattle in this study spent in the Water Source are less 
than the results of other studies.  Agouridis et al. (2004) found that cattle in 2.0 and 3.0 ha 
pastures in Kentucky spent nearly 8 and 14% of the time within 5 m of a stream.  Byers et al. 
(2005) reported that cattle spent 5 to 13% of the time in the riparian area, defined as 12 m 
from the center of the stream, on 3.8 to 5.5 ha endophyte-infected tall fescue and common 
bermudagrass pastures in Georgia from May to August.  Differences in vegetation, pasture 
characteristics, and climate may be responsible the observed differences in cattle distribution.  
Botanical Composition.  The pastures primarily contained tall fescue (Festuca 
arundinacea Schreb.), and reed canarygrass (Phalaris arundinacea L.) with smaller 
proportions as other cool-season grasses: Kentucky bluegrass (Poa pratensis L.), smooth 
bromegrass (Bromus inermis L.), and orchardgrass (Dactylis glomerata L.), along with 
legumes: white clover (Trifolium repens L.), red clover (Trifolium pretense L.), and birdsfoot 
trefoil (Lotus corniculatus L.), and squarrose sedge (Carex squarrosa L.), broadleaf weeds, 
and shrubs.  The proportions of reed canarygrass and legumes in herbaceous vegetation and 
proportions of bare ground and shrubs in the pastures differed (P < 0.01; Table 3.2) among 
farms.  There also tended (P < 0.10) to be differences for the proportion of tall fescue, other 
cool-season grasses, and sedge in the herbaceous vegetation among farms. There were no 
differences (P > 0.10) in proportion of broadleaf weeds in the herbaceous vegetation among 
farms.  The most predominant forage species observed on four of the five farms was tall 
fescue, which ranged from 20% to 51% of the herbaceous vegetation.  The predominant 
forage species on the remaining farm was reed canarygrass.   Of the tall fescue tillers 
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sampled from each pasture, 97, 85, 87, 84, and 84% were endophyte-infected on Farms A, B, 
C, D, and E, respectively. 
 Surprisingly, despite confirmation of endophyte-infected tall fescue in pastures, the 
proportion of tall fescue in the herbaceous vegetation only had a minimal influence on cattle 
distribution in the Water Source and did not influence (P > 0.10) cattle distribution in the 
Waterside Zone.  Tall fescue containing the endophyte has been documented to cause severe 
vasoconstriction (Rhodes et al., 1991; Oliver et al., 1993; Aiken et al., 2007) and elevated 
body temperatures and respiration rates when livestock are under heat and humidity stress, 
such as late spring or summer periods (Hemken et al., 1981; Sprinkle et al., 2000; Al-Haidary 
et al., 2001).  Although the proportion of time that cattle were in water sources did not differ 
among farms in this study, the high proportion of endophyte-infected tall fescue in this study 
may have caused heat stress which could have caused congregation of the cattle near Water 
Sources during periods of increased temperatures or humidities.  The lack of significant 
regressions between the proportion of time that cattle were in the Waterside Zone and the 
proportion of tall fescue in the herbaceous vegetation might be attributed to the limited range 
in this variable and/or the limited number of farms used.  Lack of substantial effects of tall 
fescue on cattle observations in the Water Source and Waterside Zones may infer that 
additional pasture characteristics were superseding the effects of tall fescue on cattle 
distribution. 
Pasture Size and Shape.  Pasture size did not influence (P > 0.10) the proportion of 
time cattle were located in the Water Source, but did influence (P < 0.0001) grazing cattle 
distribution in the Waterside Zones of the pastures.  Pasture size accounted for 61% of the 
variation of total GPS observations within the Waterside Zone (Figure 3).  Because reducing 
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pasture size may alter forage utilization patterns and reduce the distance livestock travel to 
water (Hart et al. 1993), the disproportional amount of time livestock may spend in 
Waterside Zones of small pastures compared to larger pastures may impact residual forage 
height (Clary and Leininger 2000; DelCurto et al. 2005), hoof traffic (Betteridge et al. 1999), 
and the amounts of fecal and urinary nutrients excreted in these areas (Tate et al. 2003).   
The proportion of the total pasture area within the Waterside Zone influenced GPS 
observations of cattle in Waterside Zones, accounting for 36% (Figure 4) of the variation of 
GPS observations of cows in the Waterside Zones of pastures during Study 1. 
Shade Distribution.  The proportion of the total pasture shade within the Waterside 
Zone accounted for 29% (data not shown) of the variation in the proportion of GPS 
observations within the Waterside Zone over the 3 yr.  Confounding effects of pasture size 
and shape in varying-sized pastures in Study 1 may have superseded shade effects 
influencing cattle distribution.  However, because only five pastures with widely varying 
characteristics were utilized in this project, any relationship inferred by these data should be 
interpreted with some caution. 
Study 2 (Pasture Shape and Shade Distribution Effects on Cattle Distribution) 
Pasture Shape.  Although it was intended to have pastures of comparable size, the 
three pastures in Study 2 varied by 8.0 to 15.1 ha.  The variation in pasture size was due to 
the pasture location along a major river with streams in attempt to minimize the number of 
water gaps while controlling the shade distribution within the pastures.  However, in these 
pastures, the proportion of the pasture within the Waterside Zone accounted for 62% (Figure 
5a) of the variation of GPS cow observations in the Waterside Zone during the one year 
grazing trial.  Similar to the current study, pasture shape, orientation, and location of 
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comparably sized pastures influenced the grazing behavior of livestock (Owens et al. 1991; 
Hart et al. 1993), which may influence the proportion of time cattle are within the Water 
Source and Waterside Zone.  Without the opportunity to distribute in other areas, greater 
nutrient excretion (Tate et al. 2003) and treading damage (Elliott et al. 2002) from livestock 
near surface waters may increase the risk of nonpoint source pollution occurring from grazed 
pastures. 
Shade Distribution.  The proportion of total pasture shade located within the 
Waterside Zone accounted for 42% (Figure 5b) of the variation of GPS observations in the 
Waterside Zone of pastures of comparable size, implying that shade distribution influenced 
cattle distribution. However, similar to Study 1, these relationships are being inferred from a 
limited number of pastures and limited ranges in the proportions of total pasture area and 
shade.  The mean proportion of cow observations in Pastures 1N and 3S were in the 
Waterside Zone differed by 0.52%.  Because the differences in the proportions of total 
pasture area and shade in Waterside Zone of Pastures 1N and 3S were 28.7 and 5.0% units, it 
seems that pasture shape was a more important determinant of cow distribution than shade in 
this study. 
Shade is an important management strategy that producers may utilize in pastures 
during high ambient temperatures (Schmidt and Osborn 1993; Sigua and Coleman 2007), 
periods of high solar radiation (Tucker et al. 2008), and periods of increasing relative 
humidity (Black Rubio et al. 2008) to reduce the heat load in an attempt to maintain thermal 
equilibrium (Blackshaw and Blackshaw 1994).  Providing nonriparian shade in pastures may 
encourage cattle to distribute away from surface waters, decreasing the risk of fecal loading 
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(Byers et al. 2005) and promoting more uniform grazing within a pasture (McIlvin and 
Shoop 1971; Hacker et al., 1988; Laca, 2009).   
It can be inferred by the results of these two studies that more restrictive management 
practices such as establishing the riparian buffers (McKergow et al. 2003; Muenz et al. 2006; 
Webber et al. 2010), restricting stream access to stabilized crossings (Haan et al. 2010) or 
limiting grazing of riparian paddocks (Haan et al. 2010) may be necessary to minimize 
nonpoint source pollution of streams in small or narrow pastures.  In future studies evaluating 
the temporal/spatial distribution of grazing cattle, it would be advantageous for researchers to 
report pasture size, shape, and shade distribution along with any treatments that are being 
tested to influence cattle distribution.  Further studies are necessary to define the optimal 
pasture size and identify the Best Management Practices appropriate for pastures with 
different sizes, shape and shade distribution to provide the most cost-effective approach to 
minimize nonpoint source pollution risks from Midwestern pastures. 
 
MANAGEMENT IMPLICATIONS 
Cattle presence near streams in Midwestern pastures increased with decreasing pasture size 
and increasing proportions of total pasture area and shade near the stream.  Therefore, 
implementation of grazing management practices to minimize nonpoint source pollution of 
pasture streams are more likely to be effective on small or narrow pastures in which cattle 
have less opportunity to travel to upland locations. 
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Table 3.1. Physical characteristics of pastures in Studies 1 and 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Farm / 
Pasture 
 
Year 
 
Pasture size, 
ha 
 
Cattle breeds 
 
Water source 
Pasture 
shaded 
% of pasture 
area 
Waterside 
Zone, 
% of pasture 
area 
Waterside Zone shaded 
% of 
Waterside 
Zone 
% of 
Waterside 
Zone 
Study 1 
A 2007-2008 125.2 Angus Stream 57.8 24.3 79.1 33.3 
B 2007-2009 64.9 Angus Ponds 59.6 2.5 67.2 2.8 
C 2007 92.2 Angus Cross Stream & ponds 30.5 17.2 79.1 44.8 
 2008-2009 29.2 Angus Cross Stream & ponds 39.9 30.0 84.8 63.8 
D 2007-2009 21.3 Angus Stream 72.8 22.4 68.0 20.9 
E 2007-2009 13.5 Mexican 
Corriente 
Stream & ponds 27.2 28.7 55.5 58.4 
Study 2 
1N 2009 15.1 Angus Stream 19.4 14.7 89.7 67.6 
2NE 2009 8.0 Angus Stream 41.6 17.8 66.4 28.4 
3S 2009 9.9 Angus Stream 21.8 43.4 36.5 72.6 
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Table 3.2. Proportion of sites with major forage species, sedge, broadleaf weeds, shrubs, or bare ground in pastures used to 
evaluate temporal\spatial distribution (Study 1). 
a,b,c
Within a column, least squares means without a common subscript differ (P < 0.05) by farm. 
x,y
Within a column, least squares means without a common subscript tended to differ (P < 0.10) by farm.
Farm Tall fescue Reed 
canarygrass 
Other Cool-
Season 
Grasses 
Legumes Sedge Broadleaf 
weeds 
Shrubs Bare 
ground 
% of vegetated sites % of all sites 
A 20.1
y
 45.5
a
 3.8
y
 3.5
b
 6.4
x
 20.7 7.0
b
 12.9
a
 
B 37.0
xy
 1.1
c
 4.6
y
 10.5
b
 4.6
x
 42.2 17.0
a
 13.7
a
 
C 51.5
x
 0.7
c
 4.2
y
 18.4
a
 3.9
x
 21.3 2.6
b
 5.0
b
 
D 42.0
x
 13.0
b
 8.6
xy
 9.3
b
 4.2
x
 22.9 13.6
a
 12.5
a
 
E 44.1
x
 0.9
c
 14.4
x
 19.2
a
 1.3
y
 20.1 2.1
b
 9.2
ab
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Figure 3.1. Aerial photo of pastures created on Farm A in 2009. 
 
Figure 3.2. Effect of ambient temperature on the probability of cows in Study 1 located within 
the Waterside Zone (30.5m of water source) by farms over the 3 yr study. 
 
Figure 3.3.  Effect of size of pastures in on the percentage of GPS collar readings of cattle 
distribution patterns in the Waterside Zones of pastures (Study 1). 
Y = 35.40 – 0.83x + 0.0053x2; (r2 = 0.61) 
 
Figure 3.4. Effect of proportion of total pasture area in the Waterside Zones of pastures on the 
percentage of GPS collar readings of cattle distribution patterns in the Waterside Zones of 
pastures (Study 1). 
Y = 0.99 + 1.169x - 0.019x
2
; (r
2 
= 0.36) 
 
Figure 3.5.  Proportion of GPS cattle observations in Waterside Zone as affected by the (a) 
proportion of total pasture area in the Waterside Zone and (b) proportion of total pasture shade in 
the Waterside Zone of each pasture (Study 2). 
(a)  Y = 6.16 + 0.72x; (r
2 
= 0.62) 
(b)  Y = 2.58 + 0.39x; (r
2 
= 0.42) 
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Figure 3.1.  
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Figure 3.2. 
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Figure 3.3. 
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Figure 3.4. 
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Figure 3.5a. 
0.0
10.0
20.0
30.0
40.0
50.0
60.0
0.0 10.0 20.0 30.0 40.0 50.0
Waterside Zone, % of total pasture area
G
P
S
 R
e
a
d
in
g
s
 w
it
h
in
 t
h
e
 W
a
te
rs
id
e
 Z
o
n
e
s
,
%
 o
f 
T
o
ta
l 
G
P
S
 R
e
a
d
in
g
s
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
146 
 
 
Figure 3.5b.  
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ABSTRACT 
Grazing at high stocking rates may increase sediment and nutrient loading of pasture streams by 
transport in precipitation runoff and bank erosion.  A three-year grazing study was conducted on 
thirteen cool-season grass pastures to quantify effects of stocking rate and botanical composition 
on forage sward height, proportions of bare and manure-covered ground, and bank erosion 
adjacent to streams.  Pastures ranged from 2 to 107 ha with stream reaches of 306 to 1778 m that 
drained watersheds of 253 to 5660 ha.  Bare and manure-covered ground were measured to a 
15.2 m distance, perpendicular to the stream, at 30.5 m intervals at up to 30 locations on each 
side of the stream by the line transect method during May, July, September, and November of 
each year.  At the midpoint of the 15.2 m line, forage sward height was measured with a falling 
plate meter (4.8 kg/m
2
) and plant species identified.  In November 2006, fiberglass pins (1.6 x 
76.2 cm) were driven 73.7 cm into the stream bank at 1 m intervals from the streambed to the top 
of the bank along 10 equidistant transect locations on each side of the stream to measure bank 
erosion during spring, summer, and fall of each year.  Increasing pasture stocking rates increased 
manure-covered ground and decreased sward height, but did not affect proportions of bare 
ground.  The greatest, intermediate, and least net soil erosion rates occurred during winter/early 
spring, late spring/early summer, and late summer/fall grazing seasons, respectively.  Stocking 
rate between measurements, expressed as cow-days∙stream·m-1, was not related to bank erosion.  
Increasing stocking rates per unit of stream length will increase manure-covered ground and 
decrease forage sward height, but not affect proportions of bare ground or stream bank erosion 
rates adjacent to pasture streams. Therefore, proper management of grazing livestock can 
enhance water quality. 
Key Words: grazing management, nonpoint source pollution, stream bank erosion, water quality 
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INTRODUCTION    
Maintaining adequate vegetation is critical to prevent degradation of riparian areas 
(Butler et al. 2006; Schoonover et al. 2006) and reduce the risks of nonpoint source pollution 
(NPS) of pasture streams by providing cover and resistance to erosion (Klemmedson 1956; 
Kauffman and Krueger 1984; Trimble 1994).  Ground cover is responsible for entrapping and 
retaining sediment on stream banks (Clary et al. 1996; Clary and Leininger 2000; Butler et al. 
2006). 
Some forage species are more effective at preventing erosion than others.  Sod grasses 
such as reed canarygrass, Kentucky bluegrass, and smooth bromegrass are generally more 
tolerant to frequent defoliation events and develop a uniform sod and tiller density covering the 
soil compared to bunch-type grasses like tall fescue, timothy, orchardgrass, and other ryegrasses 
(Sanderson et al. 1997; Carlassare and Karsten 2002; Lee et al. 2009).  Vegetative cover provides 
resistance to topsoil detachment by raindrops (Hoffman and Ries 1991) and against concentrated 
flow and runoff events (Self-Davis et al. 2003; De Baets et al. 2007). 
Overutilization of forages near surface waters decreases sward height and the 
effectiveness of the forage to reduce the velocity of overland flow entering streams (Temple 
1982; Masterman and Thorne 1992).  These conditions increase the risk of loading of the streams 
with sediment and sediment-bound nutrients (Alderfer and Robinson 1947; Warren et al. 1986).  
Overutilization may be caused by high stocking rates (Manley et al. 1997) or by congregation of 
cattle near shade and pasture streams (Tate et al. 2003). White et al. (2001) and Ballard and 
Krueger (2005) reported correlations between the duration that cattle spent in an area and the 
number of excretions in that area, resulting in increased soil nutrient concentrations close to 
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shade and water sources.  These excess nutrients may be transported in precipitation runoff and 
negatively impact aquatic ecosystems (Reynoldson 1987; Belsky et al. 1999; Wang et al. 2007). 
Sediment loading from eroding stream banks may be an even greater source of sediment 
and nutrients than transport in overland flow (Schwarte et al. 2010).  While stream bank erosion 
has been associated with grazing (Betteridge et al. 1999; Zaimes et al. 2004), stream bank 
erosion may also be related stream hydrology (Lane 1955; Hooke 1979; Tufekcioglu 2010). 
The objectives of this project were to evaluate the effects of stocking rates and botanical 
composition in riparian areas of southern Iowa pastures on forage sward heights and proportions 
of bare and manure-covered ground in the riparian zone, and the amount of bank erosion along 
pasture streams. 
 
MATERIALS AND METHODS 
Study Location 
The study was conducted in the Lake Rathbun watershed in southern Iowa (lat 40°45‟N, long -
93°18‟W, approximately 300 m above sea level).  Rathbun Lake watershed covers over 143,283 
ha, encompasses six southern Iowa counties (Figure 1), and contains Rathbun Lake which covers 
over 4,451 ha. Located within the Loess Flats and Till Plains ecoregion, the landscape within the 
Rathbun Lake watershed is characterized by deep to moderate loess deposits over glacial till and 
dark shallow soils.  The topography of the area varies from flat to moderately hilly.  The region 
lacks glacial till in many places but is comprised of greater drainage density and woody 
vegetation within the stream reaches compared to other parts of the ecoregion (Griffith et al. 
1994; RLWA 2001).  The 30-yr mean annual precipitation for the watershed is 934 mm. 
Pasture Characteristics 
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Thirteen pastures on 12 cooperating cow-calf farms in the Rathbun Lake watershed were 
identified as appropriate for the project in the fall of 2006.  Sites selected were based on the 
producers‟ willingness to maintain cattle stocking books, allow pasture access to collect 
measurements during May, July, September, and November from 2007 to 2009, and contained a 
perennial flowing stream.  Pastures ranged in size from 2.8 to 107.2 ha with first to third-order 
streams that drained watersheds of 253 to 5660 ha (Table 3.1).  Stream lengths, measured with a 
walking tape in November 2006, were 306 to 1778 m.  At the initiation of the study, two of the 
thirteen pastures were ungrazed vegetative buffers.   
Of the eleven stocked pastures, eight of the pastures in the study were continuously 
stocked at 2.71 to 31.67 cow-days per meter stream annually with cattle having year-round 
access to surface waters.  Three of the pastures were rotationally stocked at 2.21 to 19.24 cow-
days per stream meter annually.  Because one of the two vegetative buffers was grazed from 
October through November 2007, the stocking rates of the vegetative buffers pastures ranged 
from 0.00 to 0.45 cow-days annually.  Water sources across farms included streams, streams and 
off-stream water tanks, and streams and ponds on seven, four, and two of the farms, respectively.  
Cattle breeds stocked on the pastures were predominantly Angus or Angus crossbreds with two 
farms including Red Angus and Herefords.   
A HOBO weather station (Onset Comp. Co., Bourne, MA) with a Rain Gauge Smart 
Sensor (Onset Comp. Co., Bourne, MA) was placed adjacent to 6 of the 13 pastures to record 
rainfall at 10 min intervals from April through November in each of the 3 yr.  Weather stations 
were removed from the pastures when temperatures reached freezing conditions to protect the 
tipping bucket equipment.  Precipitation data for pastures without weather stations was assumed 
to be equal to that of the nearest pasture with a weather station.  Precipitation data for the 
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remainder of the year and until the weather stations were replaced the following spring were 
downloaded from the NOAA weather stations in Allerton (approx. 6.6 km from 7 study pastures) 
or Chariton, Iowa (approx. 10 km from 6 study pastures). 
Cattle Stocking Rates 
All cooperating producers maintained stocking records of the duration and number of cows, 
heifers, and bulls stocked on each pasture over the 3-yr study.  The number of cow-days stocked 
on each pasture during the periods between the dates of each bare soil, fecal-covered ground, 
forage sward height, and stream bank erosion measurement were calculated as:  
Cow-days = (Number of cows x 1.00 x days stocked) + (Number of heifers x 0.84 x days 
stocked) + (Number of bulls x 1.29 x days stocked). 
based on the animal‟s metabolic size to standard livestock units (Allen 1991).  Stocking rates 
were calculated per measurement period per stream distance (cow-days∙stream m-1) by dividing 
total cow-days by the stream reach length within each pasture.  The rationale for expressing the 
stocking rate on a per meter of stream reach basis as opposed to a per unit of land area basis was  
to adjust for the effects of varying sizes and shapes of pastures on cow grazing distribution near 
pasture streams. 
Riparian Area Characteristics 
Proportions of bare and manure-covered ground and forage sward height and vegetation species 
were evaluated in May, July, September, and November in 2007 through 2009 on both sides of 
the stream at up to 30 locations at 30.5-m intervals.  Proportions of bare and manure-covered 
ground were measured perpendicular to the stream by the line transect method (Canfield 1941; 
Anderson et al. 1979) over a 15.2 m distance beginning at the edge of the stream.  One-hundred 
beads, spaced at 15.2 cm intervals on the line, were used to evaluate the percentage of bare and 
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manure-covered ground located directly underneath each bead at each location.  Forage sward 
height was measured with a falling plate meter (4.8 kg/m
2
; Hermann et al. 2002) and vegetative 
species were identified at the mid-point of the transect line. Sward height was not measured at 
sites in which shrubs were the vegetative species.  Botanical composition of the riparian zones 
was calculated as a proportion of the herbaceous vegetative species located at each vegetated 
site. 
Stream Bank Erosion Measurements 
In fall 2006, total stream length within each pasture was measured with a rotatory tape measure.  
Ten transects were located at 30.5 m intervals, five on each side of the midpoint of each pasture 
stream.  In order to estimate the amount of sediment loss from stream banks, erosion was 
measured with 1.6 x 76.2 cm fiberglass pins driven 73.7 cm into the stream bank at 1 m intervals 
from the streambed to the top of the bank on each side of the stream (Wolman 1959).  If the 
stream bank height did not exceed 1 m, only one pin was placed at approximately half the 
distance of the height of the bank.  Exposed pin measurements were taken in mid-spring, mid-
summer, and late fall to evaluate erosion that occurred during the winter through early spring, 
late spring through early summer, and late summer through fall periods.  At each measurement, 
net erosion was calculated by the subtracting the pin length exposed or covered since from the 
previous measurement.  Individual pin measurements were averaged across all of the ten 
transects to determine net erosion rates occurring from the riparian areas of pastures.  Positive 
differences represented erosion and negative differences represented deposition. In the event that 
fiberglass pins were lost from the stream bank, an erosion rate of 60 cm was assumed.   
Statistical Analyses 
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Riparian characteristics were analyzed as repeated measures using an AR (1) covariance MIXED 
procedure model of SAS (SAS Inst. Inc., Cary, NC) between pastures. The model statement 
included fixed effects of pasture, month, and year with month as the repeated factor and year as 
the experimental unit.  Random effects included the pasture by year interaction.  Differences 
between means with significant treatment effects in all analyses were determined by comparing 
the least-squares means using the PDIFF statement with a Tukey adjustment for multiple 
comparisons. Significance was determined at a level of P < 0.05. 
Regression equations were calculated to quantify the relationship between the dependent 
variables of proportion of bare soil, manure-covered ground, forage sward height, and net stream 
bank erosion at each measurement with the independent variables of the stocking rate per meter 
of stream reach for the time interval preceding the measurement and the proportion of each 
vegetative species of the total vegetated sites (SAS Inst. Inc., Cary, NC).  In order to determine 
significant regressions from the thirteen pastures in the study, a Bonferroni adjustment was 
performed (0.05 divided by the 11 regressions performed) to determine significant pasture 
characteristic effects. Significance was determined at a level of P < 0.0045. 
 
RESULTS 
Botanical Composition 
Vegetation species observed included tall fescue (Festuca arundinacea Schreb.), reed 
canarygrass (Phalaris arundinacea L.), Kentucky bluegrass (Poa pratensis L.), smooth 
bromegrass (Bromus inermis L.), orchardgrass (Dactylis glomerata L.), timothy (Phleum 
pretense L.), legumes were primarily white clover (Trifolium repens L.) or red clover (Trifolium 
pretense L.), squarrose sedge (Carex squarrosa L.; Runkel and Roosa), weed grasses primarily 
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green foxtail (Setaria viridis L.), broadleaf weeds largely giant ragweed (Ambrosia trifida L.), 
stinging nettles (Urtica dioica L.) and wild parsnips (Pastinaca sativa L.), and shrubs, primarily 
multiflora rose (Rosa multiflora L.). 
The proportion of vegetative species comprised by tall fescue, reed canarygrass, legumes, 
sedge, broadleaf weeds, and shrubs differed (P < 0.01) between pastures (Table 4.2).  Pastures 3, 
4, 9, and 13 had the least proportion of vegetated sites as tall fescue, but the highest proportion of 
reed canarygrass.  Proportions of vegetative species as tall fescue, Kentucky bluegrass, 
orchardgrass, and broadleaf weeds differed (P < 0.01) and proportions of reed canarygrass and 
sedge tended to differ (P < 0.08) between sampling intervals (Data not shown).  The proportion 
of tall fescue in the pastures was greater in November than May, July, and September.  However, 
the proportions of Kentucky bluegrass and orchardgrass were greater in May than July, 
September, and November.  Proportions of broadleaf weeds were greater in July and September 
than May, which was also greater than November.  Proportion of reed canarygrass tended to be 
greater in May than July and September, but was not different from November.  As expected, 
due to forage type and growth characteristics, the proportions of sedge observed in the pastures 
tended to be greater during the warm seasons of July and September than November, but were 
not different from May.  Variations in species prevalence imply that cattle selected the more 
palatable vegetative species like Kentucky bluegrass, smooth bromegrass, and orchardgrass early 
in the growing season which, thereby, decreased their presence later in the season. This decrease 
in palatable species allowed less palatable and more cold tolerant species like tall fescue to 
predominate the riparian zones of pastures later in the season. 
Manure-Covered Ground 
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Proportions of manure-covered ground along the stream banks differed (P < 0.05) 
between pastures (Table 4.2) and sampling intervals (Table 4.3).  The greatest and least 
proportions of manure-covered ground occurred in November and September, respectively, with 
measurements in May and July not differing from either month.  These differences may have 
resulted from seasonal differences in precipitation and/or pasture stocking rates.  During the 
three years, above-average rainfall amounts that occurred between the July and September 
measurements (Figure 2) may have contributed to an increase of overland flow, decreasing the 
amount of manure-covered ground observed within the riparian zones in September.  The 
proportion of manure-covered ground within 15.2 m of the stream (%) increased as the stocking 
rate between measurements (cow-days∙m-1 stream) increased (y = 0.15 + 0.18x – 0.0088x2; r2 = 
0.35; Figure 3).  
The two pastures with the least amount of manure-covered ground were Pastures 3 and 
13, which were ungrazed vegetative buffers.  The vegetative buffers also contained two of the 
highest proportions of vegetated sites as broadleaf weeds, which may have resulted in a 
coincidental correlation of a decreasing percentage of manure-covered ground as the percentage 
of broadleaf weeds in the vegetation increased (y = 0.77 – 0.026x + 0.00030x2; r2 = 0.15).  In 
addition, manure-covered ground increased as the percentage of tall fescue increased (y = 0.20 + 
0.00081x + 0.000078x
2
; r
2
 = 0.23), but decreased as the percentage of reed canarygrass increased 
(y = 0.67 - 0.017x + 0.00015x
2
; r
2
 = 0.17).  The greater concentration of cattle manure near the 
pasture streams in November than September may have also been related to factors affecting 
distribution within the pasture such as a decrease in the quantity or quality of forage in pasture 
uplands (Bailey 2005), a decrease in natural off-stream water sources, or a decrease in the 
ambient temperatures resulting in less heat stress in periods of the late fall than mid- to late 
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summer.  Climatic conditions near pasture streams may have been more comfortable for cattle to 
concentrate within these areas later in the grazing season combined with less insect annoyance 
compared during the summer grazing. 
Forage Sward Height 
Mean sward heights were different (P < 0.01) between pastures (Table 4.2) and months 
(Table 4.3).  Mean sward height decreased from July to November. Low sward heights of forage 
adjacent to streambank in November implies that the stream banks might be more susceptible to 
erosion and sediment and nutrient losses in precipitation runoff over winter or prior to the start of 
grazing in the spring.  Because of the additional weight of saturated stream banks without proper 
vegetative cover or forage length, the integrity of the stream bank may be compromised, 
resulting in critical bank failure and stream bank erosion (Micheli and Kirchner 2002; Simon and 
Collison 2002; Pollen 2007).  Stocking rate between measurements (cow-days∙m-1 stream) was 
related to the forage sward height (cm) measured 7.6 m from the stream (y = 16.28 - 4.37x + 
0.33x
2
; r
2 
= 0.31; Figure 4).  This regression implies that stocking rates greater than 1.63 cow-
days∙m-1 stream over approximately 60 days between measurements from May through 
November or the approximately 180 days between measurements in November and May or 6.52 
cow-days∙m-1 stream annually would result in a sward height less than 10 cm needed to protect 
against soil detachment during precipitation and treading events (Clary and Leininger 2000).  By 
maintaining adequate vegetative cover and height, plant vigor may be preserved (Clary and 
Leininger 2000) and reduce NPS pollution from riparian areas of pastures (Warren et al. 1986; 
Elliott et al. 2002; Reed and Carpenter 2002).  In the current study, forage sward heights within 
riparian areas of pastures were increased as the proportion of reed canarygrass increased (y = 
4.06 + 0.40x - 0.0027x
2
; r
2 
= 0.42), but decreased as the proportion of tall fescue (y = 25.57 - 
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0.55x + 0.0034x
2
; r
2 
= 0.50) and legumes (y = 12.75 - 0.94x - 0.019x
2
; r
2 
= 0.17) increased.  
These results infer that the presence of tall sod-forming grasses near pasture streams may be 
more effective at preventing NPS of pasture streams than shorter bunch grasses.  However, 
similar to broadleaf weeds, this relationship might relate to absence of grazing, as two of the four 
pastures with the greatest proportions of reed canarygrass were ungrazed buffers. 
Bare Soil 
Proportions of bare soil along the stream banks did differ by pastures (P < 0.01; Table 
4.2), but did not differ (P > 0.10; Table 4.3) between sampling intervals.  The proportion of bare 
soil along the stream banks was only weakly related to the stocking rate between measurements 
(cow-days∙m-1 stream; y = 10.45 + 3.73x – 0.31x2; r2 = 0.16; Figure 5).  This result may have 
been related to the measurement method.  Because the proportion of bare soil was determined 
perpendicular from the stream edge, these measurements included eroded stream banks with 
variable riparian lengths along with areas above the crest of the bank.  Therefore, the bare soil 
measurements were likely affected by factors related to stream bank erosion.   
The proportions of bare soil in riparian areas of pastures were related to the botanical 
composition of species within riparian areas of the pastures evaluated.   Similar to sward height, 
the proportions of bare ground in riparian areas increased as the proportion of tall fescue (y = 
3.83 + 0.40x - 0.0024x
2
; r
2 
= 0.24) and legumes (y = 12.13 + 1.12x - 0.024x
2
; r
2 
= 0.18) 
increased, but decreased as reed canarygrass increased (y = 21.10 - 0.37x + 0.0023x
2
; r
2 
= 0.35) 
as would be indicative of the type and growth rates of the forages observed.  
Stream Bank Erosion Rates. 
Across the 3 yr, net erosion rate was greater (P < 0.05) during the winter through early 
spring than either the late spring through early summer or late-summer through fall periods 
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(Figure 6).  During the current study, above-normal precipitation occurred prior to entering or 
exiting the winters which when combined with preexisting saturated stream banks during the 
freeze-thaw cycle likely resulted in the winter through early spring period having the greatest 
amounts of stream bank erosion. 
Stocking rate between measurements (cow-days∙m-1 stream) was not correlated to net 
stream bank erosion rates (cm; y = 3.28 – 0.48x - 0.026x2; r2 = 0.06; Figure 7). Therefore, it 
seems that natural factors of hydrology such as stream stage flow (Tufekcioglu 2010) or rainfall 
or both had larger effects on stream bank erosion than a direct, immediate effect of cattle traffic 
in this study.  The amounts of precipitation between measurements (cm) accounted for 15, 24, 
and 44% of the variation in net stream bank erosion rates (cm) during the winter through early 
spring (y = 5.60 + 0.15x – 0.0036x2), late spring through early summer (y = 3.02 – 0.17x + 
0.0025x
2
), and late summer through fall seasons (y = -2.54 + 0.11x – 0.00058x2).  Watershed 
size that drained through each of the 13 pastures accounted for over 68% of the variation in 
percentage of bare soil (y = 4.59 + 0.013x – 0.000015x2), but watershed size did not impact (P > 
0.10) stream bank erosion along the riparian zones of pastures. 
 
DISCUSSION 
It can be inferred by these results that reducing the stocking rate or altering the 
distribution of grazing cattle will reduce the risks of polluting pasture streams by reducing 
manure concentration and maintaining forage height to minimize nutrient transport in 
precipitation runoff.  Differences in manure distribution between seasons and pastures in this 
study could have resulted from interactions between stocking rate and natural factors such as 
rainfall in the riparian zones of pastures that altered cattle distribution and transported manure 
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into pasture streams.  Cattle distribution patterns are representative of manure nutrient 
distribution throughout grazed pastures (White et al. 2001; Ballard and Krueger 2005; Haan et al. 
2010).  Fecal loads have been reported to be greater near cattle attractants of salt, mineral or 
energy/protein supplements implying that these attractants may be used reduce fecal loads in 
pasture riparian areas (Tate et al. 2003; Bailey et al. 2008a; Bailey et al. 2008b).  The attractants 
may be more effective in altering cow distribution during the dry seasons than during wet 
seasons (Tate et al. 2003).  During wet seasons, an increase in watering locations other than 
streams reduced congregation of cattle and thus decreased the proportion of fecal deposits 
located near attractant areas.  With above-normal rainfall amounts from July to September of this 
study, similar conditions may have resulted in the observed decrease in the proportion of 
manure-covered ground.  Furthermore, during the periods of above-normal rainfall throughout 
the study, an increase in overland flow may have washed away some fecal deposits, reducing the 
percentage of observed manure-covered ground in September, but increasing the risk of water 
quality impairment (Davies et al. 2004). 
Heavily stocked pastures may result in the loss of vegetative cover and promote 
accumulation of manure near streams (Tate et al. 2000; Line et al. 2003; Hubbard et al. 2004).  
Cattle may often congregate near pasture streams to obtain water and shade for thermoregulation 
(Kauffman and Krueger 1984; Bailey 2005; Franklin et al. 2009) as temperature (McIlvain and 
Shoop 1971; Zuo and Miller-Goodman 2004; Haan et al. 2010), relative humidity (Black Rubio 
et al. 2008), and solar radiation (Tucker et al., 2008) increases or as seasons change (Tate et al. 
2003).  The disproportional amount of time spent in these areas during these periods of heat 
stress may result in overutilization of forages, causing a decrease in forage sward height (Hart et 
al. 1993; Clary and Leininger 2000; Bailey 2005) and changes in soil physical properties 
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(Klemmedson 1956; Willatt and Pullar 1984).  Cattle distribution is affected by factors of pasture 
size and shape, shade distribution, and forage quality and quantity (Bailey 2005; Haan et al. 
2010; Bear et al. 2010).  Because stocking rate was not related to bare soil and only weakly 
related to forage sward height in this study, factors affecting congregation may be as, if not 
more, important than stocking rate in their impacts on the physical characteristics of riparian 
areas. 
Because there were no differences between months in the proportion of bare soil in the 
riparian areas of pastures, bare soil in riparian areas may contribute to risks of sediment loading 
of streams year-round.  The proportion of bare soil is a major factor associated with soil erosion 
(Russell et al. 2001; Haan et al. 2006). Not surprisingly, concentration of sediment in runoff has 
been linearly related to the amount of bare ground of a given area (Elliott et al. 2002), as exposed 
soil is susceptible to soil detachment (Hoffman and Ries 1991; Taddese et al. 2002; Persyn et al. 
2004) by overland flow (Morgan 1978; Tabacchi et al. 2000) and impact energy of raindrops 
(Young and Wiersma 1973; Morgan 1978; Kinnell 2005).  As a result, bare ground in riparian 
areas of pastures contributed significant sediment loads (> 215 kg ha
-1
) containing dissolved 
reactive phosphorus, total phosphorus, and total suspended solids to surface waters during heavy 
rainfall events (Line et al. 2000; Byers et al. 2005; Butler et al. 2006).  While stocking rate did 
not affect the proportion of bare ground within 15.2 m of pasture streams in the current study, 
measuring bare ground from each stream‟s edge likely confounded the effects of cow traffic on 
the proportion of bare ground with those caused by stream bank erosion such as precipitation 
events and stream stage (Tufekcioglu, 2010).  These natural events may impact the proportion of 
bare ground in riparian areas of pastures, regardless of cattle presence or absence from these 
areas. 
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Stream bank erosion is a natural process of a dynamic channel system (Lane 1955; 
Henderson 1986).  Corrasion (wearing away by abrasion of stream flow) and slumping or 
collapsing are two major methods of bank erosion, and are influenced by precipitation conditions 
and river flow levels (Hooke 1979; Green et al. 1999).  Erosion of stream banks may be 
accelerated by the storm energy of rainfall within a catchment of the watershed (Davison et al. 
2005), which influence hydrologic processes controlling bank stability (Simon and Collison 
2002).  Riparian vegetation plays a critical role in altering the hydrological process, as it controls 
runoff through complex interactions during base and overbank flow, assists in water infiltration 
and storage during rainfall events, and, most important, couples microbial and nutritive functions 
to protect water quality (Warren et al. 1986; Clary and Leininger 2000; Tabacchi et al. 2000).  
Stream bank erosion rates, eroded bank length, and soil loss along riparian areas and stream 
hydrology are impacted by uncontrolled grazing and land use of the area (Trimble 1994; Zaimes 
et al. 2004; Zaimes et al. 2008).  Despite the previous studies, the current study found only a 
minimal impact of stocking rates between measurements on net stream bank erosion rates at each 
measurement date.  Therefore, the effects of grazing on stream bank erosion may not be 
immediate and additional environmental conditions and factors may have contributed to the 
observed erosion rates. 
Similar to Hooke (1979), antecedent precipitation conditions over a given watershed 
catchment in the current study was related to net stream bank erosion.  Precipitation throughout 
the 3 yr study influenced the number of high stream stage events (Tufekcioglu 2010).  The 
resulting stream bank erosion may have caused a flux of suspended sediment transported to 
downstream locations (Green et al. 1999).  Direct immediate effects of grazing were not a 
significant factor in sediment erosion from stream banks compared to the effects of hydrology 
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like channel flow velocity and stream stage, which is in agreement to the findings occurring 
within riparian areas in Oregon (Skinner, 1998). Within the current study, the greatest amount of 
erosion occurred during the winter/early spring period, which is similar to the results of 
Buckhouse et al. (1981).  Erosion during this period may have been a result of entering winter 
with saturated stream banks and the shortest vegetative ground cover due to overgrazing and/or 
the cessation of forage growth during the late fall and winter.  Because of these two factors, 
stream banks seemed unable to withstand the freeze-thaw cycles occurring during winter and 
early spring resulting in stream bank erosion. 
 
MANAGEMENT IMPLICATIONS 
It can be inferred from these results that increasing stocking rate will result in increased manure-
covered ground and decreased forage sward heights in riparian zones of Midwestern pastures, 
which may increase nutrient and sediment loading in precipitation runoff.  These factors may be 
managed by reducing pasture stocking rate or using practices that alter cow distribution.  These 
practices would be particularly important in the fall to maintain adequate forage sward height 
and minimize manure concentration near pasture streams to prevent sediment and nutrient 
transport in spring snowmelt in addition to reducing the risks of stream bank erosion.  However, 
the immediate effects of stocking rate on the proportion of bare soil adjacent to streams and net 
stream bank erosion are small. 
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Table 4.1. Pasture stream reaches, areas, watershed areas, cattle breeds, and water sources on farms of cooperating producers. 
Pasture Stream reach (m) Pasture area (ha) Watershed area (ha) Cattle Breeds Water Sources 
Pasture 1 598   20.2 318 Angus / Cross Stream 
Pasture 2 1778   51.4 1090 Red Angus Stream 
Pasture 3 1162   10.4 480 None Stream 
Pasture 4 306     2.8 579 Angus / Cross Stream & tanks 
Pasture 5 1610   29.1 444 Angus / Cross Stream & ponds 
Pasture 6 922   28.7 5660 Angus Stream & tanks 
Pasture 7 890   25.1 709 Cross Stream 
Pasture 8 1260   33.2 756 Cross Stream 
Pasture 9 1040 107.2 472 Angus Stream 
Pasture 10 1138   55.4 2007 Angus Stream & pond 
Pasture 11 1039   48.2 3630 Hereford / Cross Stream & tanks 
Pasture 12 1120   28.7 393 Angus / Cross Stream & tanks 
Pasture 13 1179   13.8 253 None Stream 
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Table 4.2.  Proportions of bare soil, manure-covered ground, forage sward heights and proportions of vegetated sites as tall fescue, 
reed canarygrass, legumes, sedge, broadleaf weeds, and shrubs within 15.2 m of streams in pastures during the 3 yr study. 
Pastures
1
 Bare soil, 
% 
Manure-
covered 
ground, % 
Forage 
sward 
height, cm 
Tall 
fescue 
Reed  
canarygrass 
Legumes Sedge Broadleaf 
weeds 
Shrubs 
    % of vegetated sites 
Pasture 1 13.4
bcde
 1.0
a
 5.7
d
 70.9
ab
 3.0
c
 3.2
bc
 0.7
b
 12.2
bcd
 2.8
bcd
 
Pasture 2 16.9
bc
 0.5
abcd
 6.5
cd
 58.2
abc
 5.5
c
 5.1
bc
 0.8
b
 24.0
ab
 9.0
a
 
Pasture 3 6.0
ef
 0.0
d
 23.4
a
 8.3
e
 67.8
a
 0.1
c
 0.7
b
 22.6
bc
 5.5
ab
 
Pasture 4 8.5
def
 0.6
abc
 13.8
bc
 25.9
de
 65.8
a
 2.6
bc
 2.6
ab
 2.1
d
 0.4
cd
 
Pasture 5 12.0
cde
 0.3
cd
 6.3
cd
 76.2
a
 2.6
c
 1.8
c
 0.8
b
 12.9
bcd
 4.4
bc
 
Pasture 6 31.3
a
 0.2
cd
 4.5
d
 54.0
bc
 9.1
c
 9.2
abc
 0.4
b
 20.9
bc
 3.6
bcd
 
Pasture 7 17.3
bc
 1.0
a
 5.9
d
 69.8
ab
 5.1
c
 18.7
a
 0.0
b
 2.2
d
 0.2
d
 
Pasture 8 14.3
bcd
 0.6
abc
 5.6
d
 53.2
bc
 10.5
c
 3.9
bc
 1.2
b
 21.1
bc
 4.9
ab
 
Pasture 9 7.3
def
 0.2
cd
 16.5
ab
 16.2
e
 62.9
a
 1.1
c
 4.6
a
 12.5
bcd
 0.6
cd
 
Pasture 10 20.2
b
 0.4
bcd
 6.2
cd
 44.9
cd
 2.8
c
 6.2
bc
 0.6 35.6
a
 5.6
ab
 
Pasture 11 36.6
a
 0.9
ab
 2.4
d
 74.0
a
 0.8
c
 6.0
bc
 0.2
b
 10.5
cd
 3.0
bcd
 
Pasture 12 16.7
bc
 0.6
abc
 4.7
d
 49.1
c
 7.8
c
 13.2
ab
 0.3
b
 21.1
bc
 3.7
bcd
 
Pasture 13 3.3
f
 0.0
d
 24.0
a
 24.7
e
 40.8
b
 0.1
c
 0.8
b
 28.7
ab
 3.2
bcd
 
SE 1.51 0.10 1.46 3.87 2.86 2.21 0.57 2.59 0.84 
a,b,c,d,e,f
Within a column, least squares means without a common subscript differ (P < 0.05). 
1
Differences among farms were determined by n = 12 
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Table 4.3. Proportion of bare soil, manure-covered ground, and forage sward heights within 15.2 m of streams in pastures by period 
during the 3 yr study. 
Sampling Months Bare soil, % Manure-covered ground, % Forage sward height, cm 
May 16.4  0.5
ab
 11.9
a
 
July 14.7  0.5
ab
 14.1
a
 
September 16.0 0.3
b
 8.7
b
 
November 15.6 0.6
a
 3.9
c
 
SE 0.67  0.06 0.8 
a,b,c
Within a column, least squares means without a common subscript differ (P < 0.05). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
176 
 
 
Figure 4.1. Lake Rathbun watershed area. 
Photo courtesy of http://www.eprintablecalendars.com/images/maps/state-of-iowa.jpg 
and http://www.uni.edu/iowahist/Site%20Map/IowaCounties.jpg. 
 
Figure 4.2. Monthly precipitation over the 3 yr project compared to 30 yr average with monthly 
departure.  
1
Monthly precipitation amounts were averaged between the nearest National Weather 
Stations Chariton 1E and Allerton, IA. 
 
Figure 4.3. Effect of period stocking rate per stream meter on manure-covered ground observed 
within 15.2 m of a stream. 
 y = 0.15 + 0.18x – 0.0088x2 (r2 = 0.35) 
 
Figure 4.4. Effect of period stocking rate per stream meter on forage sward height (cm) observed 
within 15.2 m of a stream. 
 y = 16.28 – 4.37x + 0.33x2 (r2 = 0.31) 
 
Figure 4.5. Effect of period stocking rate per stream meter on bare soil observed within 15.2 m 
of a stream. 
y = 10.45 + 3.73x – 0.31x2 (r2 = 0.16) 
 
Figure 4.6. Seasonal stream bank erosion/deposition rates occurring from 2007-2009. 
 
Figure 4.7. Effect of period stocking rate per stream meter on period net stream bank erosion 
rates. 
 Linear: y = 2.97 – 0.21x (r2 = 0.05) 
Quadratic: y = 3.28 – 0.48x - 0.026x2 (r2 = 0.06) 
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Figure 4.1. 
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Figure 4.3.  
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Figure 4.4.  
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Figure 4.5. 
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Figure 4.6. 
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Figure 4.7.  
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CHAPTER 5. GENERAL CONCLUSIONS 
GENERAL DISCUSSION 
 Continuing to maintain and improve surface water resources are imperative to the 
livelihood of the present and future generations of people and uses in animal agriculture.  
Because grazing cattle have been implicated as source of water quality impairments, a study was 
conducted in the Lake Rathbun Watershed where a majority of beef cattle operations rely 
primarily on grazing livestock on pastures with full stream access.  Although it was hypothesized 
that cattle would have marginal impacts on water quality, the findings of this study provide 
valuable information to determine site-specific information is critical for reducing nonpoint 
source pollution occurring from grazed Midwestern pastures. Results from this study 
demonstrate cattle distribution is influenced by pasture characteristics and microclimate factors.  
As the ambient temperatures rises, greater risks of nonpoint source pollution are likely to occur 
due to cattle congregation near surface waters for thirst and thermoregulation.  Grazing 
management practices that reduce the amount of time cattle congregate in riparian areas of 
pastures will increase forage sward height and reduce the proportion of manure-covered ground 
near surface waters.   
For future reference, grazing studies evaluating cattle distribution should report pasture 
size, shape, shade characteristics, and proximity to alternative watering sources.  These factors 
will provide additional site-specific management strategies to further minimize grazing 
livestock‟s contribution on water impairments, but also assist in development of a management 
strategies better suited for Midwestern pastures.  Pasture size, shape, and shade influenced cattle 
distribution, and therefore in some instances financial incentives for producers to implement a 
rotational grazing system and/or develop an additional water retainment structure may be 
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warranted to continue to graze riparian zones of these pastures.  These at-risk pastures could be 
characterized as small, narrow, or both and where only a perennial flowing stream is the primary 
source of water.  Management practices such as increasing pasture size and altering shape, 
developing offstream shade locations, or altering stocking rates to alter distribution are critical to 
minimize nonpoint source pollution from riparian areas of grazed pastures.   
The majority of stream bank erosion occurred during the winter/early spring 
period.  Management efforts to maintain sward height of forages upon entering winter 
will provide adequate ground cover that reduces overland flow while the ground is frozen 
and prevent the flow of fecal material from upland locations into the surface waters 
during snowmelt.  These practices decrease the risk, but do not fully eliminate it.  
Saturated stream banks also present a risk of sediment loading surface waters as they 
undergo the natural freeze-thaw cycle during seasonal changes and contribute large 
amounts of sediment that impairs water quality. 
 
NEEDS FOR FUTURE RESEARCH 
 In the current research, there were a limited number of producers willing to 
participate on the project due the requirements of handling cattle more times than normal 
in a cow/calf production system.  Nonetheless, additional on-farm research is necessary 
to evaluate cattle distribution in relation to other pasture sizes and shapes to determine an 
optimal-sized pasture to minimize nonpoint source water pollution from occurring from 
grazed pastures.  When pasture characteristics are held constant, such as pasture size and 
shape with similar forage compositions, other factors influencing cattle distribution can 
be more critically evaluated. 
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Because stocking rates had only marginal affects on stream bank erosion and bare 
ground over the three year period, additional longer term studies of 10 to 15 years are 
warranted.  However, due to the above-normal precipitation experienced throughout the 
current study, factors over a watershed cannot be negated from also naturally contributing 
to water quality impairments. 
  Because it was cost prohibitive, more frequent sampling (i.e. daily, weekly) of 
surface waters may provide additional and more specific information regarding the 
relationship between surface runoff and the impact of fecal-covered ground within 
riparian areas of pastures.  
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APPENDIX A. ADDITIONAL GPS DATA 
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Table A.1. Mean seasonal proportion of time cattle spent directly in the Water Source and 
Streamside Zone across five producer farms. 
Water Source 
Farms Spring 
 
Spring 
SE 
Summer 
 
Summer 
SE 
Fall 
 
Fall 
SE 
Farm 
Average 
Average 
SE 
A 1.06 0.226 0.73 0.466 0.90 0.538 0.88 0.281 
B 0.21 0.330 2.46 0.352 0.64 0.294 1.12 0.228 
C 0.82 0.381 2.09 0.329 1.08 0.310 1.33 0.236 
D 1.80 0.420 1.43 0.466 1.06 0.352 1.46 0.280 
E 1.37 0.352 2.18 0.329 1.49 0.310 1.70 0.230 
Average 1.05
b
 0.155 1.77
a
 0.176 1.03
b
 0.166   
Streamside Zone 
Farms Spring 
 
Spring 
SE 
Summer 
 
Summer 
SE 
Fall 
 
Fall 
SE 
Farm 
Average 
Average 
SE 
A 15.76
b
 1.354 10.48
bc
 2.792 13.20
bc
 3.224 14.88
b
 1.584 
B 2.43
c
 1.974 6.86
c
 2.111 3.33
c
 1.766 4.26
c
 1.477 
C 10.65
bc
 2.280 11.40
c
 1.974 8.93
c
 1.861 10.85
b
 1.512 
D 26.92
a
 2.497 23.45
ab
 2.792 20.51
ab
 2.111 23.09
a
 1.746 
E 20.71
ab
 2.111 28.40
a
 1.974 27.31
a
 1.861 25.26
a
 1.483 
Average 15.29 0.930 16.29 1.055 14.66 0.998   
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Table A.2. Mean seasonal proportion of time cattle spend directly located in the Water Source 
and Streamside Zones (including Water Source) across experimental pastures. 
Water Source 
Farms Spring 
 
Spring 
SE 
Summer 
 
Summer 
SE 
Fall 
 
Fall 
SE 
Farm 
Average 
Average 
SE 
P1N 2.67
a
 0.360 1.13
b
 0.360 3.27 0.360 2.36
a
 0.208 
P2NE 1.00
b
 0.360 1.20
b
 0.360 2.33 0.360 1.48
b
 0.208 
P3S 3.43
a
 0.360 2.90
a
 0.360 2.30 0.360 2.88
a
 0.208 
Streamside Zone 
Farms Spring 
 
Spring 
SE 
Summer 
 
Summer 
SE 
Fall 
 
Fall 
SE 
Farm 
Average 
Average 
SE 
P1N 21.23
b
 1.277 12.03
c
 1.277 29.03
a
 1.277 20.77
b
 0.737 
P2NE 10.07
c
 1.277 20.50
b
 1.277 13.03
b
 1.277 14.53
c
 0.737 
P3S 33.80
a
 1.277 47.57
a
 1.277 32.57
a
 1.277 37.98
a
 0.737 
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APPENDIX B. ADDITIONAL ANNUAL STOCKING RATE DATA 
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Figure B.1. Effect of annual stocking rate per stream meter on manure-covered ground observed 
within 15.2 m of a stream across all thirteen pastures (11 grazed, 2 CRP sites). 
 Y = 0.073 + 0.050x – 0.00064x2 (r2 = 0.35) 
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Figure B.2. Effect of annual stocking rate per stream meter on forage sward height (cm) 
observed within 15.2 m of a stream across all thirteen pastures (11 grazed, 2 CRP sites). 
 Y = 18.29 – 1.52x + 0.040x2 (r2 = 0.30) 
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Figure B.3. Effect of annual stocking rate per stream meter on bare soil observed within 15.2 m 
of a stream across all thirteen pastures (11 grazed, 2 CRP sites). 
Y = 9.07 + 1.277x – 0.037x2 (r2 = 0.15) 
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Figure B.4. Effect of period stocking rate per stream meter on manure-covered ground observed 
within 15.2 m of a stream across all eleven grazed pastures. 
 Y = 0.024 + 0.13x – 0.0054x2 (r2 = 0.24) 
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Figure B.5. Effect of period stocking rate per stream meter on forage sward height (cm) 
observed within 15.2 m of a stream across all eleven grazed pastures. 
 Y = 11.21 – 2.20x + 0.16x2 (r2 = 0.17) 
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Figure B.6. Effect of period stocking rate per stream meter on bare soil observed within 15.2 m 
of a stream across all eleven grazed pastures. 
Y = 14.42 + 2.04x – 0.18x2 (r2 = 0.04) 
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Figure B.7. Effect of annual stocking rate per stream meter on manure-covered ground observed 
within 15.2 m of a stream across all eleven grazed pastures. 
 Y = 0.18 + 0.035x – 0.00023x2 (r2 = 0.22) 
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Figure B.8. Effect of annual stocking rate per stream meter on forage sward height (cm) 
observed within 15.2 m of a stream across all eleven grazed pastures. 
 Y = 10.55 – 0.45x + 0.010x2 (r2 = 0.06) 
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Figure B.9. Effect of annual stocking rate per stream meter on bare soil observed within 15.2 m 
of a stream across all eleven grazed pastures. 
Y = 15.54 + 0.37x – 0.011x2 (r2 = 0.01) 
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Table B.1. Dates of stream bank erosion measurements across farms 
Pasture Installed Spring 
2007 
Summer 
2007 
Fall 
2007 
Spring 
2008 
Summer 
2008 
Fall 
2008 
Spring 
2009 
Summer 
2009 
Fall  
2009 
1 11/19/06 5/23/07 9/9/07 12/20/07 5/13/08 8/6/08 11/24/08 5/18/09 8/5/09 11/23/09 
2 11/19/06 5/23/07 9/9/07 1/25/08 5/13/08 8/6/08 11/24/08 5/18/2009 8/5/09 12/1/09 
3 11/19/06 6/4/07 9/16/07 12/20/07 5/13/08 8/6/08 11/24/08 5/12/09 8/5/09 11/23/09 
4 11/19/06 5/22/07 9/16/07 12/20/07 5/13/08 8/6/08 11/24/08 5/12/09 8/5/09 11/23/09 
5 11/19/06 6/4/07 9/16/07 12/20/07 5/13/08 8/6/08 11/24/08 5/18/09 8/5/09 12/1/09 
6 11/19/06 6/4/07 9/9/07 3/12/08 5/13/08 8/6/08 11/24/08 5/18/09 8/5/09 11/23/09 
7 11/19/06 5/29/07 9/9/07 12/20/07 5/13/08 8/6/08 11/24/08 5/12/09 8/5/09 11/23/09 
8 11/19/06 5/22/07 10/4/07 12/20/07 5/13/08 8/6/08 11/24/08 5/12/09 8/5/09 11/23/09 
9 11/19/06 5/22/07 9/9/07 12/20/07 5/13/08 8/6/08 11/24/08 5/12/09 8/5/09 11/23/09 
10 11/19/06 5/22/07 9/9/07 1/25/08 5/13/08 Flooded 11/24/08 5/18/09 8/5/09 12/1/09 
11 11/19/06 5/29/07 9/9/07 12/20/07 5/13/08 8/6/08 11/24/08 5/12/09 8/5/09 11/23/09 
12 11/19/06 5/22/07 9/9/07 12/20/07 5/13/08 8/6/08 11/24/08 5/12/09 8/5/09 11/23/09 
13 11/19/06 5/22/07 9/16/07 12/20/07 5/13/08 8/6/08 11/24/08 5/12/09 8/5/09 11/23/09 
  
2
0
1
 
Table B.2.  Stepwise multiple regressions predicting manure-covered ground, sward height, and bare ground, in the riparian zones of 
pastures from stocking rate and botanical composition data. 
Dependent variables Independent variables Coefficients Partial r
2
 
Manure-Covered Ground, % Intercept 0.12403  
 Stocking rate, cow-days∙m-1 stream by period 0.06281 0.32 
 Tall fescue, % of vegetation 0.00576 0.08 
 Broadleaf weeds, % of vegetation -0.00677 0.04 
 Kentucky bluegrass, % of vegetation 0.00719 0.02 
  Total 0.46 
Forage Sward Height, cm Intercept 23.07191  
 Tall fescue, % of vegetation -0.21339 0.43 
 Legumes, % of vegetation -0.27383 0.07 
 Kentucky bluegrass, % of vegetation -0.16097 0.06 
 Stocking rate, cow-days∙m-1 stream by period -0.38774 0.01 
  Total 0.57 
Bare Soil, % Intercept 18.89681  
 Reed canarygrass, % of vegetation -0.19421 0.33 
 Legumes, % of vegetation 0.18874 0.02 
  Total 0.35 
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APPENDIX C. INCIDENCE OF BEV, BCV, BRV, AND TOTAL COLIFORMS IN 
STREAM WATER SAMPLES 
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Figure C.1. Percent virus incidence observed in water samples across seasons from all combined 
operations. 
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Figure C.2. Percent virus incidence observed in upstream and downstream water samples across 
seasons from all operations. 
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
Spring Summer Fall
Seasons
%
 V
ir
u
s
 I
n
c
id
e
n
c
e
BEV Upstream BEV Downstream BCV Upstream BCV Upstream BRV Upstream BRV Upstream
 
 
 
 
 
 
 
 
 
 
 
 
 
 
205 
 
 
Table C.1. Mean concentration of total coliforms in water samples (n = 1066) collected at up- 
and downstream locations from 13 pastures on 12 farms during the 2007, 2008, and 2009 grazing 
seasons. 
 Sampling locations 
Pasture Upstream Up SE Downstream Down SE Average Ave SE 
 CFU/100 mL 
1 1085 361.0 1551
y
 361.1 1318
yz
 255.3 
2 1821 365.3 2690
x
 365.3 2254
x
 258.3 
3 1432 365.3 867
y
 369.8 1150
yz
 259.9 
4 862 369.8 956
y
 365.3 909
z
 259.9 
5 863 365.3 1252
y
 365.3 1057
yz
 258.3 
6 1118 361.1 1312
y
 365.3 1215
yz
 256.8 
7 1803 365.3 1621
y
 379.1 1712
xy
 263.3 
8 1151 374.4 1446
y
 384.1 1299
yz
 268.2 
9 1137 369.8 1228
y
 361.1 1182
yz
 258.4 
10 1780 374.4 1692
xy
 374.4 1736
xy
 264.7 
11 837 369.8 1189
y
 379.1 1013
yz
 264.8 
12 1575 374.4 1445
y
 374.4 1510
yz
 264.7 
13 1033 384.1 1173
 y
 374.4 1103
yz
 268.2 
Average 1269 102.4 1417 102.8   
x, y,z
Within a column, least squares means without a common subscript differ (P < 0.05). 
Farm (P = 0.0179) 
Sampling locations (P = 0.3091) 
